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Abstract
DAMAGE (DAMage Assessment in Grounding Events) is a PC-based interactive computer program for
the rapid calculation of grounding damage to oil tanker structure. DAMAGE, version 1.0, is the first
evolution of a two-Phase development of the program, providing grounding damage assessment for the
target damage region comprising the hull bottom structure in way of the cargo tank region within the turn
of bilge. The program, in its final development, will culminate in a predictive tool for the entire oil tanker
vessel to include bow, bilge, hull sides, machinery space, and stem. Its underlying philosophy is rooted in
the First Principles of Mechanics, and its methodology derives from an extensive theoretical and
experimentally-validated research program conducted by the Joint MIT-Industry Tanker Safety
Consortium from July 1992 through June 1995. The cornerstone of the methodology is the concept of
Superfolding and Supertearing Elements which can realistically describe the complexity of the deformation
and rupture of hull structure during grounding. A windows-driven graphical user's interface (GUI) is
implemented as a pre-processor to build the DAMAGE input file and communicate with the DAMAGE
processor for analysis and results. There is significant variation in general arrangement and detail even
within similar oil tanker design types, and there is an enormous amount of data characterizing oil tanker
structure that must be considered by an interface in building the input file. The design of this graphical
user's interface for application to grounding damage assessment of oil tanker structure is the subject of this
thesis. Crucial to the design is a data acquisition procedure that can efficiently build customized
descriptions of oil tanker structure and detail, and yet be sufficiently general to capture a broad sampling of
oil tanker variants within the scope of analysis. For this application, this was accomplished by carefully
using the subtle interrelationships between tanker structure and applying simplifications, where supported
by research to date, to obtain valid reductions in the number of parameters critical to a rapid calculation
without compromising completeness and accuracy of the results. Additionally, all data is assembled by the
interface in a modular fashion amenable to analysis by the method of Superfolding and Supertearing
Elements. This modularity of the design in Phase I can readily accomodate enhancements planned for
Phase II of the Project. The design of the DAMAGE graphical user's interface is discussed and the
interface is presented by way of the User's Manual & Modeling Guide. The computer program
DAMAGE, version 1.0, and the accompanying User's Manual & Modeling Guide, along with the
Theoretical Manual on Grounding Protection of Ships and the Summary Report on Welding Research from
the Tanker Grounding Project, constitute the main deliverables of Phase I of the Joint MIT-Industry Tanker
Safety Project.
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Introduction
This document discusses the design of a graphical user's interface (GUI) for application
to grounding damage assessment of oil tanker structure and presents the interface by way
of the User's Manual & Modeling Guide for the computer program DAMAGE (DAMage
Assessment in Grounding Events), version 1.0. The computer program DAMAGE and
the User's Manual & Modeling Guide, along with the Theoretical Manual on Grounding
Protection of Ships and the Summary Report on Welding Research from the Tanker
Grounding Project, constitute the main deliverables for Phase I of the Joint MIT-Industry
Tanker Safety Project.
The following introduction provides some background information on the Joint MIT-
Industry Tanker Safety Project and the evolution of computer program DAMAGE for
Phase I of the Project. The development of the graphical user's interface for the program
is discussed. The conventions used for the manual and guide are also explained below.
BACKGROUND
The urgent political, social, and economic sensation espoused in the aftermath of the
grounding of the EXXON VALDEZ and by the promulgation of OPA90 presented the
opportune climate and touchstone to mobilize and impel the initiative of the Joint MIT-
Industry Tanker Safety Project. Phase I of the on-going project was initiated three years
ago on 1 July 1992 with a total budget of over $1,800,000. The Project is supported by a
consortium of twenty-two companies and organizations comprising six major
classification societies, thirteen of the world's largest shipyards, shipping companies,
regulatory agencies, and the United States Navy. A list of Consortium membership is
given in APPENDIX A.
The overall objective of the research program has been to develop extensive theoretical
and experimentally-validated engineering knowledge in the area of structural mechanics
necessary to assess, design, build, certify and operate a future fleet of spill-resistant
tankers. Accordingly, Phase I research was focused on the description of basic failure
models of simple structural members such as plate and plate intersections. Failure
strength and damage resistance of typical structural units consisting of a bottom plating
with attached (welded) longitudinal and/or transverse stiffeners, transverse frames, and
bulkheads were predicted from theoretical considerations. Finally, the results of the
theoretical and experimental tasks accomplished to date were integrated and adapted to a
programmed numerical procedure called DAMAGE.
DAMAGE is a PC-based interactive computer program for the rapid calculation of
grounding damage to oil tanker structure. DAMAGE, version 1.0, is the first evolution of
a two-Phase development of the program, providing grounding damage assessment for
the target damage region comprising the hull bottom structure in way of the cargo tank
region within the turn of bilge. Its underlying philosophy is rooted in the First Principles
of Mechanics, and its methodology derives from an extensive theoretical and
experimentally-validated research program conducted by the Joint MIT-Industry Tanker
Safety Project from July 1992 through June 1995. The cornerstone of the methodology is
the concept of Superfolding and Supertearing Elements which can realistically describe
the complexity of the deformation and rupture of hull structure during grounding. A
Superfolding Element is a structural unit, comprised of two or more intersecting plates.
that contains knowledge of the local crushing process; a Supertearing Element is a
portion of cut or fractured and plastically deforming plating extending from the tip of the
advancing wedge to its shoulder. The foundation in First Principles of Mechanics and the
method of Super Elements are two distinctive features of the program DAMAGE
illustrating a clear departure from the empirical methods traditionally adopted by the
maritime industry and the more computationally-involved finite element method (FEM)
analysis tools.
Some preliminary decisions were made by the Tanker Safety Consortium regarding the
development of the program. First, a decision was made to develop DAMAGE as a
windows-driven program; the ease of operation and friendliness of windows operation
contributes to the general popularity of the windows environment. Next, C++ was chosen
as the program language for DAMAGE. C++ builds safe, modular and complex
applications in an object-oriented environment for ease of updating and operating.
Encapsulation and portability between platforms are key features of object-oriented
programming which have established C++ as the industry standard and, therefore, the
attractive choice for a modem predictive computer tool such as DAMAGE. A survey of
other existing computer tools with application to structural damage assessment was also
made with a view to guide the preliminary design of DAMAGE towards an improved
framework for practical industry application.
A graphical user's interface (GUI) for windows is implemented as a pre-processor to
build the DAMAGE input file and communicate with the DAMAGE processor for
analysis and results. There is significant variation in general arrangement and detail even
within tanker design types, and there is an enormous amount of data characterizing oil
tanker structure that must be considered by the interface in building the input file.
Crucial to a graphical user's interface for application to grounding damage assessment of
oil tanker structure is the design of a data acquisition procedure that can efficiently build
customized descriptions of oil tanker structure and detail, and yet be sufficiently general
to capture a broad sampling of oil tanker variants within the scope of analysis. This is
accomplished by carefully using the subtle interrelationships between tanker structure and
applying simplifications, where supported by research to date, to obtain valid reductions
in the number of parameters critical to a rapid calculation without compromising
completeness and accuracy of the results.
The number of critical data to be provided by the user was reduced significantly by
adopting a "top-down" data acquisition procedure. The top-down approach is designed to
simplify and reduce the parameters required from the user to complete description down
to detail, or bottom-level, data for which there are magnitudes more parameters than for
global, or top-level, data. Following the top-down approach, some global data from the
top-level can be used to prime or pre-calculate values which are required at the bottom-
level in the data acquisition procedure. In general, the sequence of the top-down
procedure is from global ship, ground, and events data down to detailed ship structural
data, which in turn follows the sequence from larger primary structure down to smaller
components.
A standardized "structural components dialog box" (discussed in Chapter 3 - BOTTOM-
LEVEL DATA GROUPS) is used as a utility for collecting ship structures data. The
structural components dialog box presents a selection of basic components used to
construct primary structure. The design of the structural components dialog box
accomplishes several intents of the graphical user's interface. The user has some latitude
to customize tanker structure down to the detail level, while the many possible
combinations of basic components, primary structure, transverse tank arrangements, and
hull bottom structure types is sufficiently general for capturing a broad sampling of oil
tanker variants. A comparison of frequently-encountered tanker designs from extensive
literature surveys shows that the structural components dialog box, as it is implemented
for DAMAGE in Phase I development, is an effective tool for describing many oil tanker
variants. Additionally, the standardized procedure for utilizing the structural components
dialog box acclimates the user to one, simple methodology applicable throughout all
bottom-level data groups (refer to DAMAGE User's Manual for further explanations).
Finally, the input file developed by the graphical user's interface must also assemble data
in a fashion amenable to analysis by the method of Superfolding and Supertearing
Elements. More importantly, this modular organization of input data, is conducive to
enhancements planned for Phase II of DAMAGE.
It is important to understand the evolution of computer program DAMAGE. DAMAGE,
version 1.0, is the alpha version (or first version) of a two-Phase development of the
program. The alpha version delivered for Phase I provides grounding damage assessment
for the target damage region comprising the hull bottom structure. The extensive
experience gained during Phase I of the Project can be used to the benefit of Phase II.
Phase II is the logical evolution of DAMAGE, version 1.0. The key difference is that
Phase II addresses damage to curved panels of hull plating while Phase I was strictly
concerned with damage to planar stiffened panels of hull plating only. In this way, the
program, in its final development, will culiminate in a predictive tool for the entire oil
tanker vessel to include bow, bilge, hull sides, machinery space, and stern regions. The
modularity of the current graphical user's interface will readily accomodate these
expansions of DAMAGE into Phase II. Phase II will also address comments from users.
The design of the graphical user's interface, in the version that is currently implemented
for Phase I of the Tanker Safety Project, is the product of extensive collaborative efforts
by the author with Dr. Abramowicz, the program developer for DAMAGE software, and
the Computer Applications Team of the Joint MIT-Industry Tanker Safety Project. The
design of the interface is the subject of this thesis and is presented by way of the User's
Manual & Modeling Guide contained in this document. The Manual & Guide
conventions are discussed below.
MANUAL AND GUIDE CONVENTIONS
The User's Manual describes software features and the general procedure for building
DAMAGE input files. The Modeling Guide provides a catalog of annotated routines for
constructing the basic ship structural components used to develop a complete model.
A combination of mouse and keyboard actions are used to operate DAMAGE. The
following conventions will be used to describe these actions throughout the DAMAGE
documentation:
"Mouse pointer" refers to the screen image that moves corresponding to moving the
mouse on the desk. The image changes depending upon the activity executed in the
application as follows.
The "arrow" image is a pointer used to select or choose on-screen menu commands or
buttons. The "hourglass" image may appear to alert the user to pause until the computer
completes a function or command. The "I-bar" image indicates that the user has chosen a
screen area for input by keyboard; press <Return> to return to the mouse "arrow" image.
"Click" means to place the mouse pointer over a menu item or a dialog box button and
press the left mouse button. An alternative way to "click" an item is to use the keyboard
to "select" that item and press <Return>. This procedure executes the selected
command.
"Select" means to highlight a menu item, either by using the arrow keys to move the
cursor box to the item or by holding down the left mouse button while dragging the
mouse pointer over an item. This procedure does not execute the selected command.
"Choose" means to execute a command by "clicking" an item or by "selecting" an item
and pressing <Return>.
"Enabled" indicates that an item or button is active, or a valid choice, for clicking,
selecting, or choosing. An enabled item is active because it is an executable command.
An enabled item or button is indicated on-screen using bold letters.
"Disabled" indicates that an item or button is inactive, or not a valid choice, for clicking,
selecting, or choosing. A disabled item is inactive because it is not an executable
command. A disabled item or button is indicated on-screen using gray letters.
"Browse" means to search through status bar descriptions of menu bar commands using
"select."
"<Ctrl>" means to press the <Control> key, where the bold type and symbols "< >"
indicate a key selection.
"<Ctrl+S>" means to press the <Control> key at the same time as the <S> key, where
the symbol "+" indicates a simultaneous key selection.
"<Return>" and "<Enter>" denote the same key function.
"[Applyl" means to click the button marked [Apply] from the active dialog box, where
the bold type and symbols "[ ]" indicate a dialog box button.
The "[Apply]" button is used to send data completely defining the current dialog box to
storage in the input file. [Apply] closes the current dialog box.
The "[Done]" button is used to indicate that data completely defining all dialog boxes
associated with the current window have been applied. [Done] closes the current
window.
The "[Cancel]" button is used to close the current dialog box or window without
applying data.
"Item" refers to a command that appears as a menu bar or pull-down menu option.
"//File//" means menu item //File//, where the bold type and symbols "I /II" indicate items
from a menu bar.
"/Open/" means menu item /Open/, where the bold type and symbols "/ '" indicate items
from a pull-down menu.
DAMAGE
User's Manual & Modeling
Guide

Part I:
DAMAGE User's Manual

Chapter 1 - Getting Started
Chapter 1 provides information on DAMAGE product support, installation, and startup.
1.1 Starting DAMAGE
DAMAGE is started by double-clicking the DAMAGE icon in the Program Manager
window.
The window that appears at startup of the application DAMAGE is shown in Figure 1.
The menu bar appears below the title bar at the top of the window. Click the down or up
arrow icons to the right of the bars to minimize or restore the size of the application
window. Double-click the control-menu box to the left of the bars to exit the application.
The status bar appears at the bottom of the window. The status bar is active at the startup,
first, and second menu levels and provides a description of browsed commands.
Title Bar
Menu Bar Minimize/Restore
Menu
Status Bar
FIGURE 1. DAMAGE startup menu.
The menu bar commands, //File// or //Help//, can be accessed by clicking the desired
item from the menu bar using the mouse, or by pressing <Alt> and selecting the desired
menu item. Click or select a command from the menu bar to display items from its
associated pull-down menu. The associated pull-down menu will appear on screen in a
box below the selected command name in the menu bar. The enabled items, or active
options. in the pull-down menu box appear in bold: after choosing a menu bar command,
the user may choose from these enabled pull-down menu commands only.
The convention and procedure for choosing menu commands is consistent throughout
DAMAGE for all startup, first, and second menu levels.
Control-Menu Box/ Iconize/
If/lp
!
At startup, the two options for beginning a DAMAGE session are enabled in the //File//
pull-down menu. To create a new file, choose //File// /New/. To edit or evaluate an
existing file, choose //File// /Open/ and the desired file name from the file-handling
dialog box. (See Chapter 2 - Managing Files for a detailed description of these and other
file-managing commands.) The user may also exit the application from the startup menu
by choosing //File// /Exit/.
This preliminary selection initializes a DAMAGE session. The startup menu bar expands
to include commands comprising the first menu level in DAMAGE shown in Figure 2.
• M: DAMAE-(ALPH V ~ ER-•. uI I V7F7
FIGURE 2. DAMAGE first menu level.
At the first menu level, there are five commands in the menu bar:
//File// contains the file-managing commands (see Chapter 2 - Managing Files) and the
print option commands (see Chapter 7 - Printing).
I/Input// contains the commands for building and editing DAMAGE input files (see
Chapter 3 - Building an Input File and Chapter 4 - Editing an Input File).
//Calculations// performs the grounding damage assessment for input files developed
(see Chapter 5 - Calculations).
//Results// contains the results presentation options (see Chapter 6 - Results).
//Help// is a context-specific on-line reference tool available during a DAMAGE session
(see Chapter 8 - Help).
Chapter 2 - Managing Files
Chapter 2 describes how to load and save DAMAGE input files.
All files created using DAMAGE software is assigned the extension *.dmg. The
commands to load and save *.dmg input files use a file-handling dialog box like the one
shown in Figure 3.
DA MAGEFile-Open
File Name:
".dmg
D irectories:
c:\damage
List Files of Type:
-dmg I
) damage
Drives:
liiN c: ms-dos_5 I
FIGURE 3. DAMAGE file-handling dialog box.
I~sa~Fier
Drives selects the current drive name. To switch drives, click the arrow at the right of the
box and double-click the desired drive name.
Directories displays the current directory and its subdirectories below the drive or
directory containing it. To switch to a directory displayed in the list, double-click the
desired directory name. To back up one directory level, double-click the top drive or
directory name. By default, the dialog box is set to display files in the start-up directory,
C:\DAMAGE\ or the user-defined installation directory, at the start of each session. Each
subsequent time that a file is loaded or saved in a directory other than the start-up
directory, this alternative directory becomes the default directory displayed when the next
file-handling dialog box is opened.
List Files of Type specifies the extension of all file names that are to be listed in the File
Name box. To choose an alternative file extension, click the arrow at the right of the box
and double-click the desired file type. By default, the dialog box is set to display input
files with the extension *.dmg each time that a file-handling dialog box is opened
File Name displays the name of the file to be handled. The user can type the name of the
file at the prompt or automatically display the name of a file by double-clicking the
desired name listed in the box below.
To complete a file command, click the button marked [OK] in the file-handling dialog
box or double-click the name of the file selected in the File Name box. To cancel a file
command and close the file-handling dialog box, click the button marked [Cancel] or
double-click the control-menu box to the right of the file-handling dialog box title bar.
For example, to select a file named "CASE .dmg" to be opened from or saved to the
damage default directory in the C:\ drive, the user should check that:
1. "C:\" is shown for Drives.
2. "C:\damage" is chosen for Directories.
3. "*.dmg" is specified for List Files of Type.
4. "CASE 1" has been keyed in or selected for File Name.
2.1 Loading a File
Two options are available to begin a DAMAGE session and to build multiple input files
during a single session.
Choose /New/ from the //File// pull-down menu to create a new DAMAGE input file.
This command opens the first menu level window. If another DAMAGE file is currently
open, the user is prompted to save the open file using the /Save/ option discussed below
before the new file is created. In turn, the new file must saved before another file can be
created or opened during this session.
Choose /Open/ from the //File// pull-down menu to open an existing DAMAGE input
file. This command opens a file-handling dialog box. Specify the name of the file to be
opened either by choosing a name listed in the File Name box (using Drives, Directories,
and List Files of Type to specify the path to the desired file name as illustrated in the
above example for file "CASEI.dmg") or by typing the file name at the prompt. If
another DAMAGE file is currently open, the user is prompted to save the open file using
the /Save/ option discussed below before the new file is created.
2.2 Saving a File
Two options are available to save files during a DAMAGE session.
Choose /Save/ from the //File// pull-down menu to save the current DAMAGE input file
under the default name. During a single session, if a file has previously been saved under
a user-assigned name, //File// /Save/ will save the file under this last-used name. If the
current file was created using //File// /New/, the file-handling dialog box will open
prompting the user for the new file name.
Choose /Save As/ from the //File// pull-down menu to assign a name before saving the
current DAMAGE input file. The //File// /Save As/ command can be used to create a
systematic series of related input files by modifying some structural or grounding events
data and saving each modified input case under a different file name. This command
opens a file-handling dialog box. Choose a file name listed in the dialog box (using
Drives, Directories, and List Files of Type to specify the path to the desired file name as
illustrated in the above example for file "CASE 1 .dmg") or type in a new name at the File
Name prompt. If the modified file has previously been saved under another assigned
name, //File// /Save As/ will save the current file under the new assigned name and will
not over-write the pre-existing version of the file saved under a previous name. If a file
already exists by the name entered at the prompt, the user will be asked for an alternative
name or to continue saving by over-writing the pre-existing version of the file saved
under the same name.
Chapter 3 - Building an Input
File
Chapter 3 describes the general procedure for building a DAMAGE input file. The input
file is an inventory of all relevant structural and grounding events data, subdivided into
related data groups.
The data acquisition procedure in DAMAGE is sequence-sensitive. The order in which a
data group appears in the //Input// pull-down menu acquires information about the
grounding event from the user in a sequence which builds the entire input file from the
global level down to the detailed structural level. The data acquisition procedure
implemented for DAMAGE Phase I is illustrated in Figure 4.
The information is subdivided into ten data groups plus a /Material Editor/ in the
//Input// pull-down menu. When building a new DAMAGE input file, the items are to
be completed in the following sequence:
1. /Material Editor/
TOP-LEVEL DATA GROUPS:
2 /Global Ship Parameters/
3 /Ground Characterization/
4 /Ship-Ground Interaction/
BOTTOM-LEVEL DATA GROUPS:
5 /Tank Arrangement/
6 /Hull Bottom Structure/
Bottom-level Data Groups to be developed for DAMAGE Phase II:
7. /Bilge/
8. /Hull Side Structure/
9. /Bow/
10. /Machinery Space/
11. /Stern/
INPUTII
TOP-LEVEL DATA GROUPS
ISHIP-GROUND INTERACTION/
[Define/Edit]
I Define ship-aqrour action data.
BOTTOM-LEVEL DATA GROUPS
ITANK ARRANGEMENTI
[Configuration]
Choose transverse tank arrangement.
[Define/Edit]
Locate longitudinal bulkhead, if applicable.
[Continue]
Continue to second menu level.
/HULL BOTTOM STRUCTURE/
[Configuration]
Choose bottom structure configuration.
[Continue]
Continue to second menu level.
FIGURE 4. DAMAGE data acquisition procedure.
/GLOBAL SHIP PARAMETERS/I
[Ship Data]
Enter global ship data.
[Tank Spacing]
Locate transverse bulkheads.
NDCHARACTERIZATIONI
[Configuration]
Choose ground configuration.
[Define/Edit]
Apply ground geometry.
"Tank Arrangement Utility"
I/Transverse Bulkheads//
Build transverse bulkheads.
//Longitudinal Bulkheads//
Build long'l bulkhead, if applicable.
"Hull Bottom Structure Utility"
/Centerline Structure/
Build centerline keel.
/Transverse Structure/
Build inner/outer bottom, floors.
/Longitudinal Structure/
Build inner/outer bottom, webs.
The Material Editor
The /Material Editor/ is used to develop material data files for all ship structure. The
material data files provide a database of all materials which appear in the relevant ship
structure. It is strongly recommended that all data files are created prior to building top-
level and bottom-level data groups.
Choose /Material Editor/ from the //Input// pull-down menu to develop material data
files.
The material data files are created using a dialog box. The editor prompts for the
following material information:
1. Young's Modulus, E.
The default value for steel is E=210 Gpa.
2. Poisson's Ratio, v.
The default value for steel is v=0.3.
3. Yield Stress, ay.
This is the 0.2% proof stress.
4. Stress-Strain Curve
A text editor is used to enter (strain, stress) pairs as a series of points used to
develop the material stress-strain curve. If the entire stress-strain curve is not
available, the ultimate stress, aou, should be prescribed.
5. Ultimate (rupture) Strain, sc.
6. Specific Work of Fracture, R.
If R is not prescribed, a default value of R=300 N/m will be used.
Save each material data file under a different file name. When all material data files have
been created, choose [Donel to close the material editor and proceed with building top-
level and bottom-level data groups.
Three top-level data groups and two enabled bottom-level data groups comprise the five
data groups implemented for DAMAGE Phase I:
TOP-LEVEL DATA GROUPS
The top-level data groups in the I/Input// pull-down menu acquire the general data which
characterizes the grounding event: the global ship parameters, the grounding
environment, and the interactions that couple the ship with the grounding environment
(see Chapter 5 - Calculations). The three data groups are: /Global Ship Parameters/,
/Ground Characterization/, and /Ship-Ground Interaction/.
These top three data group commands use the identical procedure to acquire data.
Choosing any one of the three commands first opens a primary dialog box. The primary
dialog box provides labelled diagrams associated with the data group and displays
buttons for toggling to the secondary dialog boxes. The secondary dialog boxes are used
for choosing configurations or for keying in data for the group using convenient tables.
The secondary dialog boxes may also provide an additional diagram of a detail enlarged
from the primary dialog box. (See Figure 5.)
Eile Input Calculations Besults ielp
I SELECT ONE:
FIGURE 5. Typical primary and secondary dialog boxes used in top-level data group
procedure.
The three top-level data groups are discussed further in the sections that follow.
3.1 Global Ship Parameters
Choose /Global Ship Parameters/ from the /Input/I pull-down menu to characterize
general ship geometry.
The primary dialog box, shown in Figure 6, opens displaying schematic diagrams of a
general oil tanker in profile view and in section view looking aft. The relevant
dimensions are labeled in both views.
File Input Qalculations fesults Help
Gem'•loba l ShipPrameer
u
Global Ship
Parameters: dshipction
Figure 6. /Global Ship Parameters/ primary dialog box.
First, click the button [Ship Data] to toggle to the secondary dialog box titled "Global
Ship Parameters - Data," shown in Figure 7. The user keys in the following data by
clicking in the appropriate box in the table:
I
FIGURE 7. /Global Ship Parameters/ secondary dialog box for [Ship Data].
1. Length Between Perpendiculars, LBP (m)
The LBP is used for calculating the change in trim due to the moment arm created
by the force of contact with the ground.
2. Longitudinal Center of Flotation, LCF (m-MS) (positive forward of amidships)
The longitudinal center of flotation, LCF, locates the pivot about which changes
to trim caused by the force of contact with the ground is applied.
3. Breadth, B (m)
The breadth, B, at amidships should be used. The breadth is used for calculating
the change in heel due to the moment arm created by the force of contact with the
ground.
4. Breadth of flat bottom, b (m)
The ship is considered to be wall-sided with a flat bottom spanning the entire
width, b. For a ship without double sides, the breadth of flat bottom, b, is
calculated by subtracting twice the bilge radius from the breadth, B, of the ship at
amidships. For a ship with double sides, the breadth of flat bottom, b, is
calculated by subtracting twice the double side depth from the breadth, B, of the
ship at amidships. The value of b determines the transverse bounds within which
damage is permitted for DAMAGE Phase I.
Note 1: For tank ships whose waterplane coefficient, CwP, deviates
considerably from 0.90, the breadth of flat bottom, b, can be calculated by
subtracting twice the bilge radius from the average of the breadth, B, at
amidships and the value of B at the most narrow location along the target
damage area.
Note 2: For grounding damage primarily inflicted in the forward length of
the ship, the breadth of flat bottom, b, can be calculated by subtracting
twice the bilge radius from the value of B at the most narrow location
along the target damage area.
The use of either alternative value for b adjusts for some fineness in hull form at
fore and aft ends by reducing the transverse bounds of the target damage area.
5. Depth, D (m)
The depth, D, at amidships should be used.
6. Draft amidships, T (m)
The draft, T, at amidships should be used. The value T is used to calculate draft
along the remaining length of the ship. The draft, with rock elevation and trim
angle, determines the location of first engagement of the hull bottom structure by
the ground and therefore the lever arm of the pitch moment.
7. Number of centerline tanks, N
The number of centerline tanks, N, determines the number of transverse
watertight bulkheads, N+I. The value N primes the button [Tank Spacing] to
prompt for N+1 locations of transverse watertight bulkheads.
8. Distance, L (m), between foremost bulkhead, T,, and aftmost bulkhead, TNl
The distance, L, between foremost bulkhead and aftmost bulkhead divided by
number of centerline tanks, N, results in even tank spacing throughout the entire
cargo tank region. This value, L/M, provides default locations of the N+1
bulkheads. These default locations prime the [Tank Spacing] table with
convenient approximations for transverse bulkhead locations.
9. Displacement (tonnes)
The displacement, or buoyancy, is used to calculate initial kinetic energy of the
ship and the changes in heave, trim, and heel due to the moment arm created by
the force of contact with the ground.
10. Waterplane area, A wp (m2)
The waterplane area, A wp, is used to calculate the parallel rise due to grounding.
11. Transverse Metacentric Height, GM t (m)
The transverse metacentric height, GM t, is used to calculate the change in heel
due to the moment arm created by the force of contact with the ground.
12. Longitudinal Metracentric Height, GM 1 (m)
The longitudinal metacentric height is used to calculate the change in trim due to
the moment arm created by the force of contact with the ground.
Note that entries 1 through 12 are necessary to include coupling between the local hull
damage and global ship motions. If one or more of the above values are not specified, the
program will automatically calculate grounding damage without interaction, using
//Calculations// /2. Uncoupled/.
To calculate grounding damage with the option for interaction, complete the table in
Figure 7. Click the [Apply] button to close the secondary dialog box, send the ship
global parameters data to the input file, and toggle back to the primary dialog box.
Next, click the button [Tank Spacing] to toggle to the secondary dialog box titled
"Transverse Bulkhead Locations," shown in Figure 8.
FIGURE 8. /Global Ship Parameters/ secondary dialog box for [Tank Spacing].
The number of centerline tanks, N, determines the number of transverse watertight
bulkhead locations, N+1, displayed. The default locations which appear for Bulkheads T,
to TN+, on opening the dialog box are generated for even spacing of the transverse
watertight bulkheads along the entire cargo length for N given centerline tanks. The user
may manually alter the default data by clicking in the appropriate box in the table and
keying in a new value.
When the table has been completed, click the [Apply] button to close the secondary
dialog box, send the transverse bulkhead locations data to the input file, and toggle back
to the primary dialog box.
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For on-line help related to //Input// /Global Ship Parameters/, choose [Help] from the
primary dialog box. Use the scroll bar to the right of the help dialog box to search the
help text. Choose [Exit] to close the help dialog box and return to the primary dialog
box.
Choose [Done] when the global ship parameters data and the transverse bulkhead
locations data have been completed to close the /Global Ship Parameters/ data group.
3.2 Ground Characterization
Choose /Ground Characterization/ from the //Input// pull-down menu to characterize
the ground configuration and geometry.
The primary dialog box, shown in Figure 9, opens featuring several ground configuration
options. The surface of the ground in contact with ship structure during grounding are
shown in cross-hatch pattern. The lines of contact which bound the contact faces are
shown in bold.
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FIGURE 9. /Ground Characterization/ primary dialog box.
First, click the button [Configuration] to toggle to the secondary dialog box titled
"Ground Configuration." shown in Figure 10. The user chooses from the ground
configurations by clicking the appropriate radial key:
I
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FIGURE 10. /Ground Configuration/l secondary dialog box for [Configuration].
1. Soft Ground
The option for soft ground is not enabled and the user is referred to the program
"SoftGround." SoftGround was developed by the Technical University of
Denmark (TUD) and distributed in March 1995 to all members of the Joint MIT-
Industry Project on Tanker Safety.
2. Hard Ground
The option for hard ground is not enabled for DAMAGE Phase I. Prediction for
damage due to hard ground is deferred to Phase II of the Project.
3. Narrow Rock
Click [Narrow Rock] to choose a deep, narrow rock. This type of ground
configuration produces cutting or tearing of hull bottom structure. Cutting or
tearing of the bottom structure proceeds for a fixed breadth throughout the depth
of the rock. The sloping angle of the engaging surface of the rock will, in general,
produce a vertical force on the ship by the ground. The magnitude of this force
will vary with the shape of narrow rock described by the user. The six narrow
rock geometries which can be described are shown in Figure 11 and are discussed
in paragraphs to follow.
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FIGURE 11. The six combinations of narrow rock geometries.
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4. "Pinnacle"
Click ["Pinnacle"] to choose a deep pinnacle. This type of ground configuration
produces crushing of hull bottom structure with or without tearing depending on
the rock elevation and other geometrical parameters of the hull and rock. Damage
of the bottom structure proceeds with lift induced on the ship by the sloping and
spreading angle of the conical ground.
When the configuration has been chosen, click the [Apply] button to close the secondary
dialog box, send the configuration data to the input file, and toggle back to the primary
dialog box.
Next, click the button [Define/Edit] to toggle to the secondary dialog box bearing the
name of the chosen ground configuration for a title. The two enabled define/edit
secondary dialog boxes provide dimensioning diagrams for the narrow rock and
"pinnacle," shown in Figures 12 and 13, respectively. A wide range of ground shapes can
be defined using varying combinations of the parameters for each of the two ground
configurations, and are discussed below.
FIGURE 12. /Ground Configuration/ secondary dialog box for [Define/Edit] for a
narrow rock.
Narrow Rock:
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The narrow rock is described by the fixed breadth, 2B, and the slope of the wedge surface
of first engagement, a. The wedge semi-angle, 0, and the wedge radius, r, characterize
the cutting or tearing mechanism by which the damage proceeds. The height of the
narrow rock with respect to the ship is specified in the next data group, /Ship-Ground
Interaction/.
Note that the narrow rock approaches six limiting cases of rock shapes (see Figure 11)
depending upon the choice of the four parameters r, 0, a, and B. The semi-angle and
radius of the narrow rock tend towards zero for tearing by a sharp rock, as shown by
"Sloping Sharp Rock" and "Vertical Sharp Rock" (for sloping angle a=900). Conversely,
blunt rocks have large 0 and r, as shown by "Sloping Blunt Rock" and "Vertical Blunt
Rock" (for sloping angle a=900 ). The maximum value of the wedge tip radius is r=B,
which characterizes a "Sloping Cylindrical Rock" or a "Vertical Cylindrical Rock" (for
sloping angle a=900).
FIGURE 13. /Ground Configuration/ secondary dialog box for [Define/Edit] for a
"pinnacle."
"Pinnacle":
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The deep "pinnacle" is described by the sloping and spreading angle, 0 . and the tip
radius, r. The spreading angle produces a lift induced on the hull by the ground. The
height of the "pinnacle" with respect to the ship is specified in the next data group, /Ship-
Ground Interaction/.
Note that in NSWC quarter-scale experiments, the cone semi-angle was 0=450 and the tip
radius was taken to be half of the separation distance between the double hulls. A similar
geometry was used in MIT 1:60 scale experiments and in tests performed by NTH in
Norway.
Using the ground configuration discussions above for guidance, key in the ground
geometry data by clicking the appropriate box in the tables.When the table has been
completed, click the [Apply] button to close the secondary dialog box, send the ground
geometry data to the input file, and toggle back to the primary dialog box.
For on-line help related to //Input// /Ground Characterization/, choose [Help] from the
primary dialog box. Use the scroll bar to the right of the help dialog box to search the
help text. Choose [Exit] to close the help dialog box and return to the primary dialog
box.
Choose [Done] when the ground configuration and geometry data have been completed
to close the /Ground Characterization/ data group.
3.3 Ship-Ground Interaction
Choose /Ship-Ground Interaction/ from the I/Input// pull-down menu to characterize
interactions between the ship and the ground environment.
The primary dialog box, shown in Figure 14, opens displaying schematic diagrams of a
general oil tanker in profile view and in section view looking aft. The relevant
dimensions are labeled in both views.
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FIGURE 14. /Ship-Ground Configuration/ primary dialog box.
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First, click the button [Define/Edit] to toggle to the secondary dialog box titled "Ship-
Ground Interaction" shown in Figure 15. The user keys in the following data by clicking
in the appropriate box in the table:
FIGURE 15. /Ship-Ground Configuration/ secondary dialog box for [Define/Edit].
1. Ship Velocity (knots)
The ship velocity characterizes the magnitude of the kinetic energy and, thus, the
length of damage of the hull bottom structure by the ground.
2. Trim angle (deg)
The trim angle is used to calculate draft along the length of the ship. The trim
angle, with rock elevation and draft, determines the location of first engagement
of the hull bottom structure by the ground and therefore the lever arm of the pitch
moment.
3. Friction coefficient, f
The friction coefficient, f, determines the contribution of the frictional forces to
the longitudinal hull resisting force and the vertical reaction force. A default
value of the friction coefficient is f=0.3. The user can introduce another value,
whenever appropriate.
4. Transverse rock eccentricity, e (m-CL) (center of rock to ship centerline)
The transverse rock eccentricity, e, is the lever arm of the roll moment. The
transverse rock eccentricity also locates the transverse bounds within which the
ground may engage and damage ship bottom structure.
5. Rock elevation, d (m) (top of rock to ship base line amidships.)
The rock elevation, d, with respect to the midship of the approaching vessel
locates the vertical bounds within which the ground may engage and damage ship
bottom structure. The rock elevation, with draft and trim angle, determines the
location of first engagement of the hull bottom structure by the ground and
therefore the lever arm of the pitch moment.
When the table has been completed, click the [Apply] button to close the secondary
dialog box, send the ship-ground interaction data to the input file, and toggle back to the
primary dialog box.
For on-line help related to //Input// /Ship-Ground interaction/, choose [Help] from the
primary dialog box. Use the scroll bar to the right of the help dialog box to search the
help text. Choose [Exit] to close the help dialog box and return to the primary dialog
box.
Choose [Done] when the ship-ground interaction data have been completed to close the
/Ship-Ground Interaction/ data group.
BOTTOM-LEVEL DATA GROUPS
The bottom-level data groups in the //Input// pull-down menu acquire detail data which
describe the structure contributing to hull strength in the target damage area: the cargo
tank arrangement, the hull bottom structure, the turn of bilge (to be developed in Phase
II), and the hull side structure (to be developed in Phase II), the bow (to be developed in
Phase II), the machinery space (to be developed in Phase II), and the stem (to be
developed in Phase II). The two data group commands for acquiring cargo tank
arrangement data and hull bottom structure data have been implemented for DAMAGE
Phase I and are enabled in the /Input// pull-down menu. The data groups are: /Tank
Arrangement/ and /Hull Bottom Structure/.
These bottom two data group commands use the identical procedure to acquire data.
Choosing either one of the two commands first opens a dialog box in the first menu level.
This dialog box provides labeled diagrams associated with the data group and displays
buttons for toggling to the second menu level. The second menu level is used for
acquiring ship structural data for the group.
For ease of use, all second level menus share common nomenclature and tools. All
primary structural members are developed from basic ship components selected from a
dialog box similar to the one shown in Figure 16.
FIGURE 16. Typical structural components primary dialog box used in bottom-level
data group procedure.
The primary and secondary dialog boxes in the second menu level acquire data in a
fashion similar to the primary and secondary dialog boxes in the first menu level
(discussed in Top-level Data Groups). In the second menu level, the structural
components dialog box is a primary dialog box and provides icons representing ship
structure to the left and buttons for toggling to the secondary dialog boxes to the right.
The secondary dialog boxes are used for choosing configurations or for keying in data for
the group using convenient tables. The secondary dialog boxes also provide a labeled
diagram of the associated ship structure, enlarged from the icon chosen in the primary
dialog box. (see Figure 17.)
Input Longitudinal Bulkheads Iransverse Bulkheads
FIGURE 17. Typical primary and secondary dialog boxes used in bottom-level data
group procedure.
The procedure for building the configuration of primary structure assemblies (e.g.,
bulkheads, centerline structure, etc.), is described below. For information detailing the
assignment of dimensions and other data for all basic structural components, the user is
referred to Part II: DAMAGE Modeling Guide.
The left side of the primary dialog box, shown in Figure 18, features the ship structure
icons. The target damage area for DAMAGE Phase I is the hull bottom structure in the
cargo tank region plus the bulkhead strake adjacent to the outer bottom or tank top. The
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structure associated with this damage area are subdivided into four types of ship structure
represented by the icons: the primary structure type, the bracket type, the stiffener
type, and the cut-out type. The configurations featured as options for the four types of
components shown in the structural components dialog box represent those geometries
most frequently encountered in tanker ship structure:
FIGURE 18. Structural icons in the structural components dialog box.
1. Primary Structure Type.
The top row features icons representing primary structure type. The bulkheads,
centerline structure, inner bottom assembly, outer bottom assembly,
webs/frames & longitudinals, and floors/frames comprise the primary structure
types associated with hull bottom damage. The icons appearing in primary
structure type will vary for each structural components dialog box opened
depending upon the primary structure chosen by the user from the second menu
level. This feature is discussed further in 3.4 Tank Arrangement and 3.5 Hull
Bottom Structure. In Figure 18, the current primary structure type is the Bulkhead
Type.
2. Bracket Type
The second row features icons representing bracket type. The brackets are
understood to be attached to the current structure chosen in the primary structure
type above. The rectangular and triangular brackets are two typical bracket
configurations which are frequently fitted along the ship's centerline and tank
sides at intermediate frame spaces between the solid plate floors. Bracket types
may be simple short transverse plates or fitted with a flange.
3. Stiffener Type
The third row features icons representing stiffener type. The flat bar, bulb plate,
angle, and tee stiffeners are four typical stiffener cross-sections used in ship
construction.
4. Cut-out Type
The fourth row features icons representing cut-out type. The ellipse, rectangle,
circle, and triangle cut-out types are four typical cut-outs made in ship structure.
The primary structure is the assembly to be constructed using a combination of the basic
structural components featured in the three rows of icons below it. The user chooses the
configuration of the primary structure and specifies the combination of associated
components using construction buttons on the right side of the primary dialog box.
FIGURE 19. Construction buttons in the structural components dialog box.
The right side of the primary dialog box, shown in Figure 19, features construction
buttons.
The top four buttons in the structural components dialog box configure the primary
structure with its associated stiffeners and cut-outs. Click the name of the button to
toggle to its associated secondary dialog box and click [Apply] when done to close it:
Choose [configuration] to choose the type of primary structure to be constructed and the
geometry of its associated stiffeners and cut-outs. This button toggles to a secondary
dialog box, shown in Figure 20, featuring four groups of radial buttons. Choose the
primary structure geometry from the top left buttons; these buttons are discussed
individually for the different kinds of primary structure in 3.4 Tank Arrangement and 3.5
Hull Bottom Structure. Choose the shape of cut-outs present in the primary structure
from the top right buttons. Choose the cross-section of stiffeners on the primary structure
from the bottom left buttons. A default [None] specified for the bottom right button,
indicating no cut-outs on primary structure stiffeners.
FIGURE 20. Primary structure [configuration] key dialog box.
Choose [<primary structure kind>] to apply dimensions the configuration of primary
structure chosen above. The label, <primary structure kind>, which appears on this
construction button varies with the name of the kind of primary structure being built.
This button toggles to a secondary dialog box featuring an enlarged, schematic drawing
of the chosen structure with a table for specifying its dimensions. The number of
parameters to specify varies with the type and kind of primary structure. The description
of dimensions for different primary structure is discussed in the DAMAGE Modeling
Guide.
Choose [stiffeners] to dimension the configuration of stiffeners on the primary structure
chosen above. This button toggles to a secondary dialog box featuring an enlarged,
schematic drawing of the chosen stiffener with a table for specifying its dimensions. The
number of parameters to specify varies with the type and kind of stiffener. The
description of dimensions for different stiffeners is discussed in the DAMAGE Modeling
Guide.
Choose [cut-outs] to dimension the configuration of cut-outs in the primary structure
chosen above. This button toggles to a secondary dialog box featuring an enlarged,
schematic drawing of the chosen stiffener with a table for specifying its dimensions. The
number of parameters to specify varies with the type and kind of cut-out. The description
of dimensions for different cut-outs is discussed in the DAMAGE Modeling Guide.
The middle four buttons in the structural components dialog box configure the brackets
flanking the primary structure. The brackets are constructed with stiffeners and cut-outs
in a similar fashion as the primary structure using the construction buttons. Click the
name of the button to toggle to its associated secondary dialog box and click [Apply]
when done to close it:
Choose [configuration] to choose the type of bracket to be constructed and the geometry
of its associated stiffeners and cut-outs. This button toggles to a secondary dialog box,
similar to the one shown in Figure 20, featuring groups of radial buttons. Choose the
bracket geometry from the top left buttons. The remaining buttons for choosing the
geometry of stiffeners and cut-outs associated with the bracket are disabled in DAMAGE
Phase I.
Choose [bracket] to dimension the configuration of bracket chosen above. This button
toggles to a secondary dialog box featuring an enlarged, schematic drawing of the chosen
structure with a table for specifying its dimensions. The number of parameters to specify
varies with the type and kind of primary structure. The description of dimensions for
different primary structure is discussed in the DAMAGE Modeling Guide.
Choose [stiffeners] to dimension the configuration of stiffeners on the bracket chosen
above. The development of this button is deferred to Phase II of the Project.
Choose [cut-outs] to dimension the configuration of cut-outs in the bracket chosen
above. The development of this button is deferred to Phase II of the Project.
The [Help] button is available for on-line help related to the structural components dialog
box. Use the scroll bar to the right of the help dialog box to search the help text. Choose
[Exit] to close the help dialog box and return to the primary dialog box.
When all of the configurations and dimensions for the chosen primary structure assembly
have been applied, click the [Done] button to close the structural components dialog box.
The two bottom-level data groups enabled for DAMAGE Phase I invoke the procedure
presented above using the structural components dialog box.
The data groups are discussed further in the sections that follow.
3.4 Tank Arrangement
Choose /Tank Arrangement/ from the //Input// pull-down menu to characterize the
general arrangement of the cargo space and detail the dimensions of the bulkhead
structure.
The primary dialog box, shown in Figure 21, opens displaying representative diagrams of
the ship transverse section in way of the cargo space. These diagrams are used to select
the general tank arrangement in the transverse direction and to locate the relevant
longitudinal bulkheads. For this reason, the hull bottom structure is omitted from the
section views. (Hull bottom structure is discussed in 3.5 Hull Bottom Structure.)
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FIGURE 21. /Tank Arrangement/ primary dialog box at the first menu level.
Six section views are featured showing the varieties of transverse tank arrangement for
ships analyzed by DAMAGE Phase I and are inclusive of most oil tanker variants.
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First, click the button [Configuration] to toggle to the secondary dialog box titled
"Transverse Configuration," shown in Figure 22, to choose the transverse section. The
user may choose from the following transverse tank arrangements:
1. Center tanks only.
2. Port/starboard wing tank pairs only.
3. Center tanks flanked by port/starboard wing tank pairs.
4. Center tanks flanked by double sides.
5. Port/starboard wing tank pairs flanked by double sides.
6. Center tanks flanked by port/starboard wing tank pairs and double sides.
FIGURE 22. /Tank Arrangement/ secondary dialog for [Configuration].
When the transverse configuration has been chosen, click [Apply] to close the secondary
dialog box, send the configuration data to the input file, and toggle back to the primary
dialog box.
Recall that the breadth of flat bottom, b, specified in /Global Ship Parameters/ [Ship
Data] determines the transverse bounds within which damage is permitted for DAMAGE
Phase I. The calculation of b (see section 3.1 Global Ship Parameters) excludes the
double side region, where double sides are fitted, from Phase I analysis. The double side
region comprises the adjacent longitudinal bulkhead out to hull side. For this reason,
only those remaining longitudinal bulkheads which may be fitted within the transverse
breadth of b are relevant to the current analysis. This relevant bulkhead is fitted in Plan 3
and Plan 6 only, and the location must be specified..
Only if Plan 3 or Plan 6 was chosen above, click the button [Define/Edit] next to toggle
to the secondary dialog box titled "Location of Longitudinal Bulkhead" shown in Figure
23, to specify the location of the relevant longitudinal bulkhead.
FIGURE 23. /Tank Arrangement/ secondary dialog box for [Define/Edit].
When the transverse location of the relevant longitudinal bulkhead has been specified for
Plan 3 or Plan 6, click [Apply] to close the secondary dialog box, send the configuration
data to the input file, and toggle back to the primary dialog box.
When the transverse configuration has been chosen and the location of the relevant
bulkhead has been chosen, where one is fitted, click [Continue] to toggle to the second
menu level titled "Tank Arrangement Utility."
The Tank Arrangement Utility is used to construct the following primary structure: the
transverse bulkhead assembly and the relevant longitudinal bulkhead assembly, where
one is fitted. The bulkheads are placed in the longitudinal and transverse directions using
information already sent from the /Global Ship Parameters/ [Tank Spacing] dialog and
the /Tank Arrangement/ [Define/Edit] dialog.
The primary structure constructed within Tank Arrangement Utility invoke the standard
procedure described above for bottom-level data groups (see Bottom-level Data Groups)
using the appropriate structural components dialog boxes. For on-line help related to
Tank Arrangement Utility, choose [Help] from the primary dialog box. Use the scroll bar
to the right of the help dialog box to search the help text. Choose [Exit] to close the help
dialog box and return to the Tank Arrangement Utility.
Choose //Transverse Bulkhead// from the Tank Arrangement Utility menu bar to
construct the transverse bulkhead assembly.
The transverse bulkhead structural components dialog box opens, shown in Figure 24.
Three typical bulkhead types are featured as options under Bulkhead Types: in the row
of primary structure icons. The choices are summarized below, and the user should refer
to Part II: DAMAGE Modeling Guide for additional guidance:
1. Type 1
Type 1 is the conventional panel bulkhead with external stiffeners.
2. Type 2
Type 2 is the corrugated bulkhead.
3. Type 3
Type 3 is the panel bulkhead with internal stiffeners.
Choose [configuration] from the construction buttons under BULKHEADS: to choose
the bulkhead assembly configuration. The bulkheads are considered to be watertight and,
therefore, [None] is the default for cut-outs, indicating no cut-outs on bulkheads.
FIGURE 24. Structural components dialog box for transverse (and longitudinal)
bulkhead assemblies.
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Following the procedure discussed above for applying dimensions to bottom-level data
group structure using the structural components dialog box, complete the data for
//Transverse Bulkheads//.
Choose //Longitudinal Bulkheads// from the Tank Arrangement Utility menu bar to
construct the longitudinal bulkhead assembly, only if a relevant longitudinal bulkhead is
fitted (i.e., where Plan 3 or Plan 6 has been specified in /Tank Arrangement/
[Configuration] for transverse tank arrangement).
The longitudinal bulkhead structural components dialog box opens. This dialog box is
similar to the transverse bulkhead structural components dialog box, and the procedure
for constructing the relevant longitudinal bulkhead assembly using this dialog box is
identical to the one described above the transverse bulkhead assembly. The user is
referred to the structural dialog box shown in Figure 23 and the procedure for
/Transverse Bulkheads/ described above for instructions on implementing
/Longitudinal Bulkheads/.
When all of the specifications for the relevant bulkhead assemblies have been properly
described, chose /Tank Arrangement/ from the //Input// pull-down menu in the Tank
Arrangement Utility to return to the DAMAGE first menu level.
3.5 Hull Bottom Structure
Choose /Hull Bottom Structure/ from the //Input// pull-down menu to characterize the
type of hull bottom configuration and detail the dimensions of the hull bottom structure.
The primary dialog box, shown in Figure 25, opens displaying representative section
diagrams of the hull bottom structure in way of the cargo space. These diagrams are used
to select the general type of hull bottom configuration. For this reason, the longitudinal
bulkheads are omitted from the section views. (Bulkhead structure is discussed in 3.4
Tank Arrangement.)
Three section views are featured showing the types of hull bottom configuration analyzed
by DAMAGE Phase I and are inclusive of most oil tanker variants.
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FIGURE 25. /Hull Bottom Structure/ primary dialog box at the first menu level.
Click the button [Configuration] to toggle to the secondary dialog box titled "Hull
Bottom Configuration" shown in Figure 26, to choose the type of hull bottom. The user
may choose from the following types of hull bottom structure configurations:
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1. Single Hull / Mid-Deck.
The target damage area for DAMAGE Phase I is the hull bottom structure in the
cargo tank region plus the lower strake of bulkhead immediately adjacent to the
hull bottom plating or tank top. The Mid-Deck bottom structure, viewed by
DAMAGE within this depth, is structurally similar to the Single Hull bottom
structure.
2. Conventional Double Hull.
3. Unidirectionally-Stiffened Double Hull.
FIGURE 26. /Hull Bottom Structure/ secondary dialog for [Configuration].
When the bottom structure type has been chosen, click [Apply] to close the secondary
dialog box, send the configuration data to the input file, and toggle back to the primary
dialog box.
Click [Continue] to toggle to the second menu level titled "Hull Bottom Structure
Utility."
The Hull Bottom Structure Utility is used to construct the following primary structure:
the centerline (keel) assembly, the inner bottom assembly, the outer bottom assembly, the
webs/frames & longitudinals, and the floors/frames.
The primary structure constructed within Hull Bottom Utility invoke the standard
procedure described above for bottom-level data groups (see Bottom-level Data Groups)
using the appropriate structural components dialog boxes. For on-line help related to
Hull Bottom Structure Utility, choose [Help] from the primary dialog box. Use the scroll
bar to the right of the help dialog box to search the help text. Choose [Exit] to close the
help dialog box and return to the Hull Bottom Structure Utility.
Choose //Centerline Structure// from the Hull Bottom Structure Utility menu bar to
construct the centerline keel assembly.
The centerline structure structural components dialog box opens, shown in Figure 27.
Three typical centerline keel types are featured as options under Keel Types: in the row
of primary structure icons. The choices are summarized below, and the user should refer
to Part II: DAMAGE Modeling Guide for additional guidance:
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FIGURE 27. Structural components dialog box for centerline keel assemblies.
1. Web Keel
This type of keel permitted for single bottom construction only.
2. Plate Keel
This type of keel is permitted for double bottom construction only.
3. Duct Keel
This type of keel is permitted for double bottom construction only.
Choose [configuration] from the construction buttons under KEEL: to choose keel
assembly configuration.
Following the procedure discussed above for applying dimensions to bottom-level data
group structure using the structural components dialog box, complete the data for
//Centerline Structure//.
Choose //Longitudinal Structure// from the Hull Bottom Structure Utility menu bar to
construct the longitudinal bottom structure assemblies. These assemblies which comprise
longitudinal hull bottom structure are: the inner bottom assembly, the outer bottom
assembly, and the webs/frames & longitudinals.
For a tanker ship with longitudinal framing, define the inner bottom and outer bottom
assembly using //Longitudinal Structure// data groups /Inner Bottom/ and /Outer
Bottom.
Choose /Inner Bottom/ from the //Longitudinal Structure// pull-down menu to
construct the inner bottom plate-stiffener assembly, where an inner bottom has been
fitted. The scantlings, or stiffeners, defined using //Longitudinal Structure// /Inner
Bottom/ will be aligned in the longitudinal direction. Alternatively, the inner bottom can
be defined using //Transverse Structure// /Inner Bottom/, and the scantlings will be
aligned in the transverse direction. The identical dimension data, once entered under
//Longitudinal Structure// or //Transverse Structure//, will appear under both
headings.
The longitudinal structure - inner bottom structural components dialog box opens, shown
in Figure 28. The typical inner bottom plate-stiffener assembly is featured under Inner
Bottom Structure: in the row for primary structure icon.
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FIGURE 28. Structural components dialog box for inner bottom assembly.
Choose [configuration] from the construction buttons under PLATING: to choose inner
bottom plate-stiffener assembly configuration. For //Inner Bottom//, only stiffener type
needs to be chosen. Brackets in the inner bottom are disabled. This component should
specified with the centerline or outer bottom assemblies.
Following the procedure discussed above for applying dimensions to bottom-level data
group structure using the structural components dialog box, complete the data for //Inner
Bottom//.
Choose //Webs/Frames// from the Hull Bottom Structure Utility menu bar to construct
the webs/frames or longitudinals assemblies.
The longitudinal structure - webs/frames structural components dialog box opens, shown
in Figure 29. Two typical configurations for longitudinals fitted in way of the hull
bottom are featured as options under Longitudinal Structure: in the row of primary
structure icons. The choices are summarized below, and the user should refer to Part II:
DAMAGE Modeling Guide for additional guidance:
1. Webs
The choice "Webs" applies to ships for which there is an inner bottom fitted, as
shown by the icon. The webs are considered to be at regular prescribed spacing
between transverse bulkheads.
2. Webs/Frames
The choice "Webs/Frames or Longitudinals" applies to ships for which there is no
inner bottom fitted, as shown by the icon. "Webs/Frames" describes hull bottom
assembly for which secondary scantlings are fitted on the outer bottom plating
between the webs/frames. "Longitudinals" describes hull bottom assembly for which
secondary scantlings are not fitted on the outer bottom plating between the
webs/frames. The webs/frames and longitudinals are considered to be at regular
prescribed spacing between longitudinal bulkheads.
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FIGURE 29. Structural components dialog box for webs/frames & longitudinals
assemblies.
Choose [configuration] from the construction buttons under WEBS / FRAMES: to
choose the assembly configuration.
Following the procedure discussed above for applying dimensions to bottom-level data
group structure using the structural components dialog box, complete the data for
//Webs/Frames//.
Choose /Outer Bottom/ from the //Longitudinal Structure// pull-down menu to
construct the outer bottom plate-stiffener assembly. The scantlings, or stiffeners, defined
using //Longitudinal Structure// /Outer Bottom/ are aligned in the longitudinal
direction. Alternatively, the inner bottom can be created under //Transverse Structure//
Outer Bottom/, and the scantlings are aligned in the transverse direction. The identical
data, once entered under //Longitudinal Structure// or //Transverse Structure//, will
appear under both headings.
The longitudinal structure - outer bottom structural components dialog box opens, shown
in Figure 30. The typical outer bottom plate-stiffener assembly is featured under Outer
Bottom Structure: in the row for primary structure icon:
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FIGURE 30. Structural components dialog box for outer bottom assembly.
Choose [configuration] from the construction buttons under PLATING: to choose outer
bottom plate-stiffener assembly configuration. For //Outer Bottom//, only stiffener type
needs to be chosen. Brackets in the hull bottom section, not already associated with
centerline structure, should be specified here.
Following the procedure discussed above for applying dimensions to bottom-level data
group structure using the structural components dialog box, complete the data for //Outer
Bottom//.
Choose //Transverse Structure// from the Hull Bottom Structure Utility menu bar to
construct the transverse bottom structure assemblies. The assemblies which comprise
transverse hull bottom structure are: the inner bottom assembly, the outer bottom
assembly, and the floors/frames.
For a tanker ship with transverse framing, define the inner bottom and outer bottom
assembly using //Transverse Structure// data groups /Inner Bottom/ and /Outer
Bottom.
Choose /Inner Bottom/ from the //Transverse Structure// pull-down menu to construct
the inner bottom plate-stiffener assembly, where an inner bottom has been fitted. The
scantlings, or stiffeners, defined using //Transverse Structure// /Inner Bottom/ will be
aligned in the transverse direction. Alternatively, the inner bottom can be defined using
//Longitudinal Structure// /Inner Bottom/, and the scantlings will be aligned in the
longitudinal direction. The identical dimension data, once entered under //Longitudinal
Structure// or //Transverse Structure//, will appear under both headings.
The transverse structure - inner bottom structural components dialog box opens similar
to the one shown for /Longitudinal Structure/ //Inner Bottom//. The procedure for
describing the inner bottom assembly using /Transverse Structure/ //Inner Bottom//
(for a ship with transverse framing) is similar to the one described above for
/Longitudinal Structure/ (for a ship with longitudinal framing). The user is referred to
the above discussion with Figure 28.
Choose //Floors/Frames// from the Hull Bottom Structure Utility menu bar to construct
the floors/frames assemblies.
The longitudinal structure - floors/frames structural components dialog box opens, shown
in Figure 31. Two typical configurations for transverses fitted in way of the hull bottom
are featured as options under Transverse Structure: in the row of primary structure
icons. The choices are summarized below, and the user should refer to Part II:
DAMAGE Modeling Guide for additional guidance:
1. Floors
The choice "Floors" applies to ships for which there is an inner bottom fitted, as
shown by the icon. The floors are considered to be at regular prescribed spacing
between transverse bulkheads.
2. Floors/Frames
The choice "Floors/Frames" applies to ships for which there is no inner bottom fitted,
as shown by the icon. "Floors/Frames" describes hull bottom assembly for which
secondary scantlings are fitted on the outer bottom plating between the floors/frames.
The floors/frames are considered to be at regular prescribed spacing between
longitudinal bulkheads.
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FIGURE 31. Structural components dialog box for floors/frames assemblies.
Choose [configuration] from the construction buttons under FLOORS / FRAMES: to
choose the assembly configuration.
Following the procedure discussed above for applying dimensions to bottom-level data
group structure using the structural components dialog box, complete the data for
//Floors/Frames//.
Choose /Outer Bottom/ from the //Transverse Structure// pull-down menu to construct
the outer bottom plate-stiffener assembly. The scantlings, or stiffeners, defined using
//Transverse Structure// /Outer Bottom/ will be aligned in the transverse direction.
Alternatively, the inner bottom can be created under //Longitudinal Structure// Outer
Bottom/, and the scantlings will be aligned in the longitudinal direction The identical
data, once entered under //Longitudinal Structure// or //Transverse Structure//, will
appear under both headings.
The transverse structure - outer bottom structural components dialog box opens. The
procedure for describing the inner bottom assembly using /Transverse Structure/
//Outer Bottom// (for a ship with transverse framing) is identical to the one described
above for /Longitudinal Structure/ (for a ship with longitudinal framing). The user is
referred to the above discussion with Figure 30.
When all of the specifications for the hull bottom structure assemblies have been properly
described, chose /Hull Bottom Structure/ from the //Input// pull-down menu in the Hull
Bottom Structure Utility to return to the DAMAGE first menu level.
Chapter 4 - Editing an Input File
Chapter 4 describes how modifications to existing input files should be made.
The data acquisition procedure in DAMAGE is sequence-sensitive. The sequence is
described in Chapter 3 - Building an Input File. In general, the user is prompted for
global data followed by detail data. The global data encompasses general ship and
grounding events data. The detail data encompasses ship structures data, which in turn
follows the sequence from larger ship structure to smaller ship components.
This top-down approach is designed to simplify and reduce the parameters required from
the user to complete description down to detail data, or bottom-level data, for which there
are magnitudes more parameters than for global data, or top-level data. Following the
top-down approach, some global data from the top-level can be used to prime or pre-
calculate values which are required at a lower level in the design acquisition procedure.
The data in each of the five data groups enabled in the pull-down menu at the first menu
level are stored as separate classes in the input modules internal to DAMAGE pre-
processor. In this way, the user is actually allowed to follow alternative schemes for
completing the input file requirements if the materials files have been created or are
already available.
Unless the user is intimately familiar with all of the input parameters required for analysis
by DAMAGE calculations processor, the user is strongly encouraged to follow the
procedure described in Chapter 3 - Building an Input File. Following this procedure
insures that all DAMAGE data classes are queried and, therefore, insures completeness of
the DAMAGE files.
For the same reasons, it is also strongly recommended that modifications to existing input
files are made following the same sequence. The modifications to data are best made in
the order that they are described by the input sequence. Also, a few types of
modifications are associated with more than one parameter; there is an enormous number
of parameters, and use of the input sequence will show and familiarize the user with the
parameters that must be changed in association with these particular types of
modification.
Chapter 5 - Calculations
Chapter 5 describes the link between the DAMAGE input file and the calculations
module. The two analysis options in the calculations module are discussed.
The information stored in the input file is sent to the processor in the DAMAGE
calculations module for evaluation. The processor uses the input file data to build a
"virtual" model of the ship which is amenable to analysis. The virtual model of the ship
is a structurally-equivalent model of the actual ship that is discretized into Superfolding
and Supertearing elements developed for the Joint MIT-Industry Tanker Safety Project.
The damage assessment for the grounding event is subsequently performed on the virtual
ship model in the DAMAGE calculations module by invoking the appropriate
theoretically derived and validated equations. (The user is referred to the DAMAGE
Theoretical Manual for a discussion of the theory.)
Two options are available for performing grounding damage assessment calculations:
Choose /Coupled/ from the //Calculations// pull-down menu to calculate damage
inflicted to the vessel by the ground when coupled with global ship motions. The
relevant global ship motions are surge, heave, pitch, and roll. The effect of coupling the
grounding event with these global ship motions will, in general, reduce ground
penetration into the hull bottom structure due to vertical lift applied to the ship by the
force of contact with the ground. As discussed in 3.1 Ground Characterization, the
remaining global ship motions, sway and yaw, are irrelevant to the grounding events for
which DAMAGE Phase I is applicable.
Choose /Uncoupled/ from the //Calculations// pull-down menu to calculate damage
inflicted to the vessel by the ground when all global ship motions except for surge are
neglected. The uncoupled grounding damage assessment will, in general, predict more
severe damage incurred to the hull bottom structure without the potentially mitigating
effect of vertical lift of the ship by ground.
Performing calculations using both methods enables the user to understand the magnitude
and effect of ship motions for different structure, ground configurations, and events data.
Chapter 6 - Results
Chapter 6 summarizes the results delivered by DAMAGE Phase I and the formats used
for presenting these results.
The target damage area for DAMAGE Phase I is the hull bottom structure in the cargo
tank region plus the bulkhead strake adjacent to the outer bottom or tank top. Damage to
the target area is predicted using a method of analysis developed for the Joint MIT-
Industry Tanker Safety Project, which invokes the appropriate theoretically derived and
validated equations. (For additional information on the method of analysis and the
equations invoked, the user is referred to DAMAGE Theoretical Manual.)
DAMAGE results are presented both numerically and graphically to make apparent
correlations between variations of the geometry of the damage region, the associated
grounding forces, and periodic hull structure.
DAMAGE provides information on the location of damage along the ship's length, the
length of damage, and the number of cargo tanks affected within the Phase I damage
region. The damage depth and width along the ship's length and the vertical and
horizontal forces between the ground and ship along the ship's length are calculated and
shown graphically. The total energy absorbed in grounding is also calculated and shown
graphically with respect to ship's length.
Additionally, DAMAGE Phase I analysis addresses the effects of lift, pitch, and roll
induced on the ship by the ground. The magnitude of these effects vary with ground
geometry, initial ground contact eccentricities, and height of ground obstruction with
respect to the approaching ship. The effects of lift, pitch, and roll induced by ground-ship
contact are calculated and shown graphically. Simple animations of the ship in these
motions during grounding are also illustrated with the graphs.
Chapter 7 - Printing
Chapter 7 discusses printing options made available for DAMAGE Results.
Two options are available for printing DAMAGE results:
For a hard copy of all results generated by DAMAGE, use //File/ /Full Report/ to print
DAMAGE results.
For a hard copy of a summary of key results generated by DAMAGE, use //File// /Short
Report/ to print DAMAGE results.

Chapter 8 - Help.M.
Chapter 8 describes Help available on-line in DAMAGE.
User's information is available on-line in DAMAGE.
Help is available through a [Help] key in all first and second menu level primary dialog
boxes and through I/Help// menu bar command every time the user toggles back to the
first menu level. The information in the Help text that is accessed is keyed to the dialog
box or menu bar from which it was opened. DAMAGE on-line Help has been made
context-specific in this way for quick access.
DAMAGE on-line Help is intended only to provide brief explanations, guidance,
cautions, and instructions related to commonly-asked questions. The Help text is
condensed from the DAMAGE User's Manual. The user is encouraged to use on-line
Help while running a DAMAGE session and, for additional information, the user is
referred to the DAMAGE User's Manual.
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Part II:
DAMAGE Modeling Guide

Chapter 1 - Ship Structure
Chapter 1 is a catalog of the primarn structure and the components from which the
primary structure are constructed in DAMAGE.
The ship structure in this catalog is subdivided into primary structure and components
from which the primary structures are constructed. Primary structure are discretized for
analysis into superfolding and supertearing elements developed for the Joint MIT-
Industry Tanker Safety Project. Components are smeared into effective thicknesses along
the lengths of associated primary structure.
The catalog is a modeling guide providing information on how to apply dimensions and
construct the primary structure using the basic components. The catalog is intended for
use in conjunction with Part I: DAMAGE User's Manual, Chapter 3 - Building an Input
File.
Each primary structure and component has its own entry in the catalog.
i

Primary Structure

1.1 Bulkheads
The target damage area defines the region within which the ground may navigate and
damage ship structure during the grounding event. The target damage area for DAMAGE
Phase I is the hull bottom structure in the cargo tank region plus the bulkhead structure
adjacent to the outer bottom or tank top.
It has been shown and is assumed that the height of damage penetration into the bulkhead
region defines an upper limit to the target damage area that does not extend beyond the
first strake of bulkhead. The first strake of bulkhead is defined to include that height of
bulkhead structure within which bulkhead dimensions can be taken to be constant. This
is the first strake of structure before there are reductions in plating with bulkhead height.
Some options are enabled in the bulkhead [configuration] dialog box to allow for
variations from typical construction. The stiffener and bracket options used for
configuring bulkheads vary with bulkhead type, as discussed in the entries which follow.
All bulkheads are considered to be watertight, and a default "None" has been chosen in
bulkhead [configuration] for all bulkhead types.
Bulkhead Type 1: External Stiffeners
Parameter(s):
1. tb, thickness of bulkhead plating - Use the value of the thickness of the bottom-
most strake of bulkhead plating adjacent to the hull bottom plating for a single hull
ship or tank top for a double hull ship. If the height of this strake is significantly
smaller than approximately twice "e" (the elevation of the rock with respect to the
midship of the approaching ship), the user may specify a smaller average thickness to
adjust for reductions in bulkhead plating thickness with height.
Configuration:
1. stiffeners - This bulkhead may be configured with any one of four available stiffener
types (see 1.7 Stiffeners), or choose "None" using bulkhead [configuration] key.
2. brackets - This bulkhead may be configured with either bracket type (see 1.8
Brackets), or choose "None" using bulkhead [configuration] key.
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Bulkhead Type 2: Corrugated
Parameter(s):
1. tb, thickness of bulkhead plating - Use the value of the thickness of the bottom-
most strake of bulkhead plating adjacent to the hull bottom plating for a single hull
ship or tank top for a double hull ship. If the height of this strake is significantly
smaller than approximately twice "e" (the elevation of the rock with respect to the
midship of the approaching ship), the user may specify a smaller average thickness to
adjust for reductions in bulkhead plating thickness with height.
2. dl, distance of corrugation offset - Use the offset length between the end of one
complete corrugation and the beginning of the next corrugation wave.
3. d 2 , length of corrugation face 1 - Use the length of one face, or length of fold of
corrugation which runs parallel with the bulkhead alignment.
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4. d 3 , length of corrugation face 2 - Use the length of the opposite face, or length of
fold of corrugation which runs parallel with the bulkhead alignment. For corrugated
plate sections, this length should be the same as length "d 2".
5. W, depth of corrugation - Use the depth of corrugation, or the length separating face
1 and face 2.
Configuration:
1. stiffeners - This bulkhead should not be configured with any stiffeners.
2. brackets - This bulkhead should not be configured with any brackets.
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Bulkhead Type 3: Internal Stiffeners
Parameter(s):
1. t b , thickness of bulkhead plating - Both external bulkhead panels flanking the
internal stiffeners are considered to be of the same thickness, tb. Use the value of the
thickness of the bottom-most strake of bulkhead plating adjacent to the hull bottom
plating for a single hull ship or tank top for a double hull ship. If the height of this
strake is significantly smaller than approximately twice "e" (the elevation of the rock
with respect to the midship of the approaching ship), the user may specify a smaller
average thickness to adjust for reductions in bulkhead plating thickness with height.
2. ts, thickness of internal stiffeners - Use the thickness of the plating of the stiffeners
internal to the bulkhead.
3. W, depth of corrugation - Use the depth of corrugation, or the length separating the
external bulkhead panels flanking the internal stiffeners.
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Configuration:
1. stiffeners - This bulkhead should not be configured with any stiffeners.
2. brackets - This bulkhead should not be configured with any brackets.
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1.2 Centerline Structure
Three types of centerline keels are frequently fitted on the tanker ship. These are the web
girder keel, the plate keel, and the duct keel. The plate keel is specific only to vessels
fitted with a double bottom.
The following options are enabled in the centerline keel [configuration] dialog box to
allow for variations in construction. All centerline keels may be configured with
stiffeners, cut-outs, and brackets. All stiffeners, cut-outs, and brackets on centerline keels
are aligned along the direction of h w , shown in the diagrams accompanying the following
entries.
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Web Keel
Parameters:
1. hw, height of web - Use the vertical height of the center web girder from the top of
the outer plating to the top of the flange.
2. t w , thickness of web - Enter the thickness of the center web girder.
3. bf, breadth of flange - Enter the width of the center girder flange.
4. tf, thickness of flange - Enter the thickness of the center girder flange.
The center keel is associated with a reinforced center strake of plating.
5. bop, width of outer plating - Enter the width of the center strake of outer plating.
6. top, thickness of outer plating - Enter the thickness of the center strake of outer
plating.
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Configuration:
1. stiffeners - All keel types can be configured with any of the four available stiffener
geometries. The stiffeners on the keel are vertically aligned.
2. cut-outs - All keel types can be configured with any of the four available cut-out
geometries. The stiffeners on the keel are vertically aligned.
3. brackets - All keel types can be fitted with either bracket type. The brackets are
aligned vertically and orthogonal to the keel.
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Plate Keel
Parameters:
i. h w, height of web - Use the vertical height of the plate keel from the top of the outer
plating to the bottom of the inner plating.
2. t w , thickness of web - Enter the thickness of the plate keel girder.
The center keel is associated with reinforced center strakes of plating.
3. bip, width of inner plating - Enter the width of the center strake of inner plating.
4. tip, thickness of inner plating - Enter the thickness of the center strake of inner
plating.
5. bop, width of outer plating - Enter the width of the center strake of outer plating.
6. top, thickness of outer plating - Enter the thickness of the center strake of outer
plating.
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Configuration:
1. stiffeners - All keel types can be configured with any of the four available stiffener
geometries. The stiffeners on the keel are vertically aligned.
2. cut-outs - All keel types can be configured with any of the four available cut-out
geometries. The stiffeners on the keel are vertically aligned.
3. brackets - All keel types can be fitted with either bracket type. The brackets are
aligned vertically and orthogonal to the keel.
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Duct Keel
Parameters:
1. hw, height of keel - Use the vertical height of the duct keel from the top of the outer
plating to the bottom of the inner plating.
2. tk, thickness of duct keel webs - Enter the thickness of the pair of webs forming the
duct keel sides.
The center keel is associated with reinforced center strakes of plating.
3. bip, width of inner plating - Enter the width of the center strake of inner plating.
4. top, thickness of inner plating - Enter the thickness of the center strake of inner
plating.
5. bop, width of outer plating - Enter the width of the center strake of outer plating.
6. top, thickness of outer plating - Enter the thickness of the center strake of outer
plating.
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Configuration:
1. stiffeners - All keel types can be configured with any of the four available stiffener
geometries. The stiffeners on the keel are vertically aligned.
2. cut-outs - All keel types can be configured with any of the four available cut-out
geometries. The stiffeners on the keel are vertically aligned.
3. brackets - The duct keel is fitted internally with brackets at regular intervals. Define
these brackets using [brackets]. Choose Type 1 brackets and specify zero for flange
dimensions to define a plate bracket only. The "cut-outs" feature on these brackets is
not yet implemented for Phase I of DAMAGE and the user may opt to reduce the
thickness applied to these brackets to account for any material removed for cut-outs.
All keel types can be fitted with either bracket type. The brackets are aligned
vertically and orthogonal to the keel. Note: If the user chooses not to fit brackets in
the duct keel, the user must still use [brackets] to specify the width between the web
pair forming the duct sides.
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1.3 Inner Bottom Structure
The inner bottom is considered to be formed from plate-stiffener assemblies. The inner
bottom should only be described for vessels fitted with a double bottom.
A single parameter, thickness, defines the inner bottom plating. This plating may be
configured with any of the four available stiffener geometries. The alignment of these
scantlings is longitudinal when the inner bottom assembly is defined using /Longitudinal
Structure/ and transverse when the inner bottom assembly is defined using /Transverse
Structure/. With this in mind. the inner bottom assembly should be defined under the
appropriate data group using the "Hull Bottom Structure Utility."
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Inner Bottom Structure
Parameters:
1 tib,thickness of inner bottom plating - Estimate the average thickness of the inner
bottom plating over the target damage length.
Configuration:
1. stiffeners - The inner bottom may be configured with any of the four geometry of
stiffeners available. The scantlings, if fitted, are aligned longitudinally when the
inner bottom is defined using /Longitudinal Structure/ and transversely when the
inner bottom is defined using /Transverse Structure/.
Note: Any brackets connected to the inner bottom should be defined with the associated
webs/frames or floors/frames.
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1.4 Webs/Frames & Longitudinals
There are two types of longitudinal members, comprising this data group. The type
"webs" is the category of longitudinal members fitted in ships with double bottoms. The
type "webs/frames & longitudinals" is the category of longitudinal members fitted in
ships without double bottoms.
For a vessel fitted with a double bottom, it is assumed that the webs are fitted at a
prescribed regular spacing, which is an integer multiple of the frame spacing in the
transverse direction. The number of webs fitted between the center keel and the location
"1/2 b" (half the width of flat bottom) from the centerline depends on the spacing
prescribed.
The type "webs" denotes plate type longitudinals fitted between inner and outer bottoms,
with possible scantlings between webs. For DAMAGE Phase I, the dimensions of the
webs are also used to approximate the structure in the double bottom space fitted below
the relevant longitudinal bulkheads, if a pair is present. It is recognized that this structure
is frequently reinforced. Future versions of DAMAGE could provide an enhanced feature
to better describe the structure and to accomodate options such as stools and other
associated structure.
For a vessel without a double bottom, it is assumed that webs/frames and longitudinals
are also fitted at a regular spacing, which is an integer multiple of the frame spacing in
the transverse direction. The number of webs/frames or longitudinals fitted between the
center keel and the location "1/2 b" (half the width of flat bottom) from the centerline
depends on the spacing prescribed.
The type "webs/frames" denotes web girder type longitudinals fitted to the outer bottom,
with possible secondary scantlings between the webs/frames. Webs/frames are described
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using the same dialog box as longitudinals. To construct webs/frames, the user should
configure the outer bottom assembly data group with stiffener dimensions. For
webs/frames, it is recognized that any longitudinal web frames which may be fitted are
frequently be more massive than the longitudinal webs intermittent to these frames.
However, for DAMAGE Phase I, the web frames are approximated by the longitudinal
webs. Future versions of DAMAGE could provide an enhanced feature to better describe
the web frames.
The type "longitudinals" denotes flanged web type longitudinals fitted to the outer
bottom, with no additional secondary scantlings between the longitudinals. Longitudinals
are described using the same dialog box as webs/frames. To construct longitudinals, the
user should not configure the outer bottom assembly data group with any stiffeners. For
a single bottom vessel with primary and secondary framing in the longitudinal direction,
the user should construct webs/frames instead as per the above paragraph.
Some options are enabled in the associated [configuration] dialog box to allow for
variations from typical construction. Brackets and cut-outs are available options for
"webs," "webs/frames," and "longitudinals." However, on the types "webs" and
"webs/frames" should be configured with secondary scantlings. These stiffener
dimensions are described with the applicable inner or outer bottom assembly data
groups. The alignment of the stiffeners on the girders (horizontally or vertically) is
specified in the dialog box for the current data group.
The intersection of the longitudinal bottom structure (webs, webs/frames, and
longitudinals) with the transverse bottom structure (floors, floors/frames) creates a
grillage of inner and outer bottom regions within which all stiffeners, cut-outs, and
brackets are smeared.
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Webs
Parameters:
1. tf, thickness of web flange - Enter the thickness of the web's flange.
2. spacing of webs - Specify the distance between webs. This should be an integer
multiple of the scantling spacing in the longitudinal direction.
Configuration:
1. stiffeners - Webs may be configured with vertical stiffeners.
2. cut-outs - Webs may be configured with cut-outs.
3. brackets - Webs may be configured with brackets.
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Parameters:
1. hF, height of web - Use the vertical height of web from the top of the outer bottom to
the top of the flange.
2. tF, thickness of web web - Enter the thickness of the web.
3. bf, breadth of web flange - Enter the width of the web's flange.
4. tf, thickness of web flange - Enter the thickness of the web's flange.
5. spacing of webs - Specify the distance between webs. This should be an integer
multiple of the scantling spacing in the longitudinal direction.
Configuration:
1. stiffeners - Webs may be configured with vertical stiffeners.
2. cut-outs - Webs may be configured with cut-outs.
3. brackets - Webs may be configured with brackets.
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1.5 Floors/Frames
There are two types of transverse members, comprising this data group. The type
"floors" is the category of transverse members fitted in ships with double bottoms. The
type "floors/frames" is the category of transverse members fitted in ships without double
bottoms.
For a vessel fitted with a double bottom, choose radial button [Webs]. It is assumed that
the floors are fitted at a prescribed regular spacing, which is an integer multiple of the
scantling spacing in the longitudinal direction. The number of floors fitted between the
fore and aft cargo tank bulkheads depends on the spacing prescribed.
The type "floors" denotes plate type transverses fitted between inner and outer bottoms,
with possible secondary scantlings between floors. For DAMAGE Phase I, the
dimensions of the floors are also used to approximate the structure in the double bottom
space fitted below all transverse bulkheads. It is recognized that this structure is
frequently reinforced. Future versions of DAMAGE could provide an enhanced feature
to better describe the structure and to accomodate options such as stools and other
associated structure.
For a vessel without a double bottom, choose the radial button [Frames]. It is assumed
that floors/frames are also fitted at a regular spacing, which is an integer multiple of the
scantling spacing in the longitudinal direction. The number of floors/frames fitted
between the fore and aft cargo tank bulkheads depends on the spacing prescribed.
The type "floors/frames" denotes web girder type transverses fitted to the outer bottom,
with possible scantlings between the floors/frames. To construct floors/frames, the user
should configure the outer bottom assembly data group with stiffener dimensions. For
floors/frames, it is recognized that any transvere web frames which may be fitted are
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frequently be more massive than the transverse floors intermittent to these frames.
However, for DAMAGE Phase I, the transverse frames are approximated by the
transverse floors. Future versions of DAMAGE could provide an enhanced feature to
better describe the transverse frames.
Some options are enabled in the associated [configuration] dialog box to allow for
variations from typical construction. Brackets and cut-outs are available options for
"floors" and "floors/frames." The types "floors" and "floors/frames" can also be
configured with secondary scantlings. These stiffener dimensions are described with the
applicable inner or outer bottom assembly data groups. Stiffeners are aligned vertically
on the floors and transverse frames.
The intersection of the transverse bottom structure (floors, floors/frames) with the
longitudinal bottom structure (webs, webs/frames, and longitudinals) creates a grillage of
inner and outer bottom regions within which all stiffeners, cut-outs, and brackets are
smeared.
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Floors
Parameters:
1. tf, thickness of floor - Enter the thickness of the floor.
2. spacing of floors - Specify the distance between floors. This should be an integer
multiple of the scantling spacing in the longitudinal direction.
Configuration:
1. stiffeners - Floors may be configured with vertical stiffeners.
2. cut-outs - Floors may be configured with cut-outs.
3. brackets - Floors may be configured with brackets.
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Parameters:
1. hF, height of floor - Use the vertical height of floor from the top of the outer bottom
to the top of the flange.
2. tF, thickness of floor web - Enter the thickness of the floor's web.
3. bf, breadth of floor flange - Enter the width of the floor's flange.
4. tf, thickness of floor flange - Enter the thickness of the floor's flange.
5. spacing of floors - Specify the distance between floors. This should be an integer
multiple of the scantling spacing in the longitudinal direction.
Configuration:
1. stiffeners - Floors may be configured with vertical stiffeners.
2. cut-outs - Floors may be configured with cut-outs.
3. brackets - Floors may be configured with brackets.
121
S SF
or,
1.6 Outer Bottom Structure
The outer bottom is considered to be formed from plate-stiffener assemblies. The outer
bottom is considered to be flat over the length and breadth of the target damage area.
A single parameter, thickness, defines the outer bottom plating. This plating may be
configured with any of the four available stiffener geometries. The alignment of these
scantlings is longitudinal when the outer bottom assembly is defined using /Longitudinal
Structure/ and transverse when the outer bottom assembly is defined using /Transverse
Structure/. With this in mind, the outer bottom assembly should be defined under the
appropriate data group using the "Hull Bottom Structure Utility."
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Outer Bottom Structure
Parameters:
1 tob,thickness of outer bottom plating - Estimate the average thickness of the outer
bottom plating over the target damage length.
Configuration:
1. stiffeners - The outer bottom may be configured with any of the four geometry of
stiffeners available. The scantlings, if fitted, are aligned longitudinally when the
outer bottom is defined using /Longitudinal Structure/ and transversely when the
outer bottom is defined using /Transverse Structure/.
Note: Any brackets connected to the outer bottom should be defined with the associated
webs/frames or floors/frames.
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1.7 Stiffeners
Stiffeners are the scantlings which stiffen the panels of plating used in ship construction.
Stiffeners should be defined with the primary structure on which they are fitted. These
primary structure with an option for stiffeners available include the bulkheads, center keel
structure, inner and outer bottom assemblies, and webs/frames and floors/frames,
allowing the user some latitude to customize. If no stiffeners are present, "None" can be
chosen from the associated primary structure [configuration] key.
Four geometries of stiffeners, described in the entries which follow, are frequently
encountered in hull bottom structure within the target damage region. The webs of the
stiffeners, as they appear in the dimension drawings, are always at a right angle with
respect to the panel of plating. The direction of stiffener weld to the primary structure is
determined by the type and alignment of the primary structure.
All stiffeners on bulkheads, centerline structure, and floors/frames are aligned vertically;
stiffeners on webs/frames may be aligned vertically or horizontally depending upon the
alignment prescribed with the webs/frames data group. All stiffeners on the inner and
outer bottom panels are aligned longitudinally when defined with /Longitudinal
Structure/ and transversely when defined with /Transverse Structure/. The number of
stiffeners are considered to be evenly distributed between any other webs, floors, frames,
or longitudinals which may also be fitted on the primary structure. The stiffeners are
smeared in this alignment into an increased effective thickness distributed along the
length of the adjacent primary structure.
Like cut-outs, stiffeners are the most basic component and have no other added
configuration components.
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Flat Bar Stiffener
Parameters:
1. hw, height of web - Use the vertical height of the stiffener web.
tw, thickness of web - Enter the thickness of the stiffener web.
#. number of stiffeners - Specify the number of stiffeners with the above geometry
that should be smeared along the length spanned by the primary structure. (Recall
that for transverse structure this length is "b" length of flat bottom, and for
longitudinal structure this length is " tN+1 " location of aftmost cargo space bulkhead
minus " t 1 " location of foremost cargo space bulkhead.
Configuration:
(Not applicable.)
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Flat Plate
Stiffener:
Itw · 1
Bulb Stiffener
Parameters:
1. hw, height of web - Use the vertical height of the stiffener web from the top of the
primary structure plating to the top of the bulb.
2. tw, thickness of web - Enter the thickness of the stiffener web at the end opposite the
bulb flange.
3. bf, breadth of flange - Estimate the width of the top of the bulb flange.
4. tf, thickness of flange - Estimate the thickness of the bulb flange at the narrow edge
of the bulb.
5. #, number of stiffeners - Specify the number of stiffeners with the above geometry
that should be smeared along the length spanned by the primary structure. (Recall
that for transverse structure this length is "b" length of flat bottom, and for
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Bulb Plate
Stiffener:
b
longitudinal structure this length is " tN+1 " location of aftmost cargo space bulkhead
minus " t I " location of foremost cargo space bulkhead.
Note: For bulb stiffeners, geometry is estimated by neglecting all fillet radii and using a
default bulb angle of 30 degrees.
Configuration: (Not applicable.)
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Angle Stiffener
Angle
Stiffener:
bf
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h
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Parameters:
1. h,, height of web - Use the vertical height of the stiffener web from the top of the
primary structure plating to the top of the flange.
2. tw , thickness of web - Enter the thickness of the stiffener web.
3. bf, breadth of flange - Enter the width of the flange.
4. tf, thickness of flange - Enter the thickness of the flange.
5. #, number of stiffeners - Specify the number of stiffeners with the above geometry
that should be smeared along the length spanned by the primary structure. (Recall
that for transverse structure this length is "b" length of flat bottom, and for
longitudinal structure this length is " tN+1 " location of aftmost cargo space bulkhead
minus ' t I " location of foremost cargo space bulkhead.
Configuration: (Not applicable.)
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Tee Stiffener
Tee
Stiffener:
bf
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Parameters:
1. hw, height of web - Use the vertical height of the stiffener web from the top of the
primary structure plating to the top of the flange.
2. t w , thickness of web - Enter the thickness of the stiffener web.
3. bf, breadth of flange - Enter the width of the flange.
4. tf, thickness of flange - Enter the thickness of the flange.
5. #, number of stiffeners - Specify the number of stiffeners with the above geometry
that should be smeared along the length spanned by the primary structure. (Recall
that for transverse structure this length is "b" length of flat bottom, and for
longitudinal structure this length is " tN+ 1 " location of aftmost cargo space bulkhead
minus "tl " location of foremost cargo space bulkhead.
Configuration: (Not applicable.)
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1.8 Cut-outs
Cut-outs in ship construction are primarily used to provide access for operations and
maintenance or for reductions in lightship weight at intermittent locations along structure.
Cut-outs should be defined with the vertical primary structure from which they are cut.
These primary structures with a cut-out option available include the center keel structure
and the webs/frames and floors/frames, allowing the user some latitude to customize. If
no brackets are present, "None"' can be chosen from the associated primary structure
[configuration] key.
Variations of four geomteries of cut-outs, described in the entries which follow, are
frequently encountered in hull bottom structure within the target damage region. The
vertical symmetry line of the cut-outs, as they appear in the dimension drawings, are
always at a right angle with respect to the hull bottom plating. The number of cut-outs
are smeared in this alignment into a reduced effective thickness distributed along the
length of its adjacent primary structure. The band of reduced effective thickness spans
the height of the cut-out located at the vertical distance of the cut-out above the baseline
of its adjacent primary structure.
Like stiffeners, cut-outs are the most basic component and have no other added
configuration components.
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Flat Bar Stiffener
Parameters:
1. hc, height of "rectangle" - The ellipse is approximated as two semi-circles joining a
rectangular region defined horizontally by Wc and vertically by h c. Enter the vertical
height of the "rectangle."
2. We, width of cut-out - Enter the horizontal width of the "rectangle." The horizontal
width of the rectangle, from the above approximation of an ellipse, is twice "r."
3. r, radius of cut-out - Enter the radius of the semi-circles forming the ellipse from the
above approximation as 1/2W c.
4. Cc, height to baseline of cut-out - This is the vertical height from the baseline of the
cut-out to the baseline of the primary structure from which the cut-out was removed.
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Ellipse Cut-out:
Wc.
r
r C
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5. #, number of cut-outs - Specify the number of cut-outs with the above geometry that
should be smeared along the entire length spanned by the primary structure. (Recall
that for transverse structure this length is "b" length of flat bottom, and for
longitudinal structure this length is " tN+1 " location of aftmost cargo space bulkhead
minus " t1 " location of foremost cargo space bulkhead.
Configuration:
(Not applicable.)
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Rectangle Cut-out
Parameters:
i. hc, height of rectangle - The rounded rectangle is approximated as four quarter-
circles joined vertically by height hc and horizontally by width Wc at right angles to
each other. Enter the vertical height.
2. Wc, width of cut-out - The rounded rectangle is approximated as four quarter-circles
joined vertically by height hc and horizontally by width Wc at right angles to each
other. Enter the horizontal width.
3. r, radius of cut-out - Enter the radius of the quarter-circles forming the rounded
rectangle.
4. Cc, height to baseline of cut-out - This is the vertical height from the baseline of the
cut-out to the baseline of the primary structure from which the cut-out was removed.
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Rectangle Cut-out:
5. #, number of cut-outs - Specify the number of cut-outs with the above geometry that
should be smeared along the entire length spanned by the primary structure. (Recall
that for transverse structure this length is "b" length of flat bottom, and for
longitudinal structure this length is " tN+1 " location of aftmost cargo space bulkhead
minus " tI " location of foremost cargo space bulkhead.
Configuration:
(Not applicable.)
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Circle Cut-out
Parameters:
1. r, radius of cut-out - Enter the radius of the circular approximation of the cut-out.
2. C., height to baseline of cut-out - This is the vertical height from the baseline of the
cut-out to the baseline of the primary structure from which the cut-out was removed.
3. #, number of cut-outs - Specify the number of cut-outs with the above geometry that
should be smeared along the entire length spanned by the primary structure. (Recall
that for transverse structure this length is "b" length of flat bottom, and for
longitudinal structure this length is " tN+l " location of aftmost cargo space bulkhead
minus " t1 " location of foremost cargo space bulkhead.
Configuration:
(Not applicable.)
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Circle Cut-out:
Triangle Cut-out
Parameters:
1. he, height of cut-out - The rounded right triangle is approximated as a triangle with
three rounded corners of the same radius, r, joined vertically by height h c and
horizontally by width Wc. Enter the vertical height.
2. We, width of cut-out - The rounded right triangle is approximated as a triangle with
three rounded comers of the same radius, r, joined vertically by height h c and
horizontally by width Wc. Enter the vertical height.
3. r, radius of cut-out - Enter the radius of the quarter-circle forming the corner
between the two legs forming the rounded right triangle. The rounded right triangle is
considered to have three corners with this same radius, r.
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Triangle Cut-out:
4. Cq, height to baseline of cut-out - This is the vertical height from the baseline of the
cut-out to the baseline of the primary structure from which the cut-out was removed.
5. #, number of cut-outs - Specify the number of cut-outs with the above geometry that
should be smeared along the entire length spanned by the primary structure. (Recall
that for transverse structure this length is "b" length of flat bottom, and for
longitudinal structure this length is " tN+1 " location of aftmost cargo space bulkhead
minus " t I " location of foremost cargo space bulkhead.
Configuration:
(Not applicable.)
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1.9 Brackets
Brackets in ship construction are primarily used at intermittent locations along centerline
structure or at tank sides between bulkheads or frames. Brackets should be defined with
the vertical primary structure to which they are welded. These primary structures with a
bracket option available include the bulkhead, center keel structure, and the webs/frames
and floors/frames, allowing the user some latitude to customize. If no brackets are
present, "None" can be chosen from the brackets [configuration] key. Note that the
brackets at outer-most breadth at tank sides are not included in Phase I analysis by the
specification of "b" (breadth of flat bottom) which excludes the region from double side
bulkhead or turn of bilge to ship's side.
Variations of two geomteries of brackets, described in the entries which follow, are
frequently encountered in hull bottom structure within the target damage region. Both
brackets are vertical and aligned at right angles to the vertical primary structure to which
they are welded. The brackets may have an additional flange welded at the free end
opposite from the edge that is vertically welded to the primary structure. The user should
enter zero for any or all of the following to indicate no flange on the bracket: hf (flange
height), bf (flange breadth), tf (flange thickness). The number of brackets are smeared in
this alignment into an added effective thickness distributed along the length of its
adjacent primary structure.
Currently, stiffeners and cut-outs on brackets are not implemented. The contribution to
effective thickness is clearly minimal. (This feature is reserved for future development of
DAMAGE software.)
141
Bracket Type 1: Rectangle
Bracket Type 1:
b,
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Parameters:
1. hp, height of bracket plate - Use the vertical height of the retangular bracket plate.
The two opposite vertical edges are considered to have the same length. This is the
edge considered to be connected to the associated vertical primary structure.
2. bp, breadth of bracket plate - Use the horizontal width of the rectangular bracket
plate. The horizontal width at top and bottom edges are considered to have the same
length. These are the two edges that are considered to be connected to the inner and
outer bottom plating, respectively, in the double bottom
3. tp, thickness of bracket plate - Enter the thickness of the rectangular bracket plate.
4. hf, height of bracket flange - Use the vertical height of the bracket flange if a flange
is fitted. The flange is fitted to the plate edge opposite from the edge considered to be
connected to the associated vertical primary structure. Enter zero to indicate that no
flange is fitted.
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5. bf, breadth of bracket flange - Use the horizontal width of the bracket flange if a
flange is fitted. These are the two edges that are considered to be connected to the
inner and outer bottom plating, respectively, in the double bottom. Enter zero to
indicate that no flange is fitted.
6. tf, thickness of bracket flange - Enter the thickness of the bracket flange if a flange is
fitted. Enter zero to indicate that no flange is fitted.
7. #, number of brackets - Specify the number of brackets with the above geometry that
should be smeared along the entire length spanned by the primary structure. (Recall
that for transverse structure this length is "b" length of flat bottom, and for
longitudinal structure this length is " tN+ 1 " location of aftmost cargo space bulkhead
minus " t1 " location of foremost cargo space bulkhead.
Configuration:
(This feature is reserved for future development of DAMAGE software.)
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Bracket Type 2: Triangle
Parameters:
i. hp, height of bracket plate - Use the height of the vertical leg of the triangular
bracket plate. This is the edge considered to be connected to the associated vertical
primary structure.
2. bp, breadth of bracket plate - Use the width of the horizontal leg of the triangular
bracket plate. This is the edge that is considered to be connected to the outer bottom
plating in the single or double bottom.
3. tp, thickness of bracket plate - Enter the thickness of the triangular bracket plate.
4. hf, height of bracket flange - Use the vertical height of the bracket flange if a flange
is fitted. The flange is fitted to the plate edge opposite from the edge considered to be
connected to the associated vertical primary structure. Enter zero to indicate that no
flange is fitted.
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Bracket Type 2:
t.
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5. bf, breadth of bracket flange - Use the horizontal width of the bracket flange if a
flange is fitted. These are the two edges that are considered to be connected to the
primary structure and the outer bottom plating, respectively. Enter zero to indicate
that no flange is fitted.
6. tf, thickness of bracket flange - Enter the thickness of the bracket flange if a flange is
fitted. Enter zero to indicate that no flange is fitted.
7. #, number of brackets - Specify the number of brackets with the above geometry that
should be smeared along the entire length spanned by the primary structure. (Recall
that for transverse structure this length is "b" length of flat bottom, and for
longitudinal structure this length is ' tN+1 " location of aftmost cargo space bulkhead
minus " t I " location of foremost cargo space bulkhead.
Configuration:
(This feature is reserved for future development of DAMAGE software.)
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Consortium Membership
April 21, 1995
American Bureau of Shipping
ARCO Marine Inc.
Bureau Veritas
Canadian Coast Guard
China Classification Society
* Daewoo Shipbuilding & Heavy Machinery Ltd.
* Det norske Veritas
* E3 Tanker Consortium
* Germanischer Lloyd
* Hitachi Shipbuilding Co.
* Hyundai Heavy Industries Co., Ltd.
* Ishikawajima-Harima Heavy Industries Co., Ltd.
* Kawasaki Heavy Industries Co.
* Lloyd's Register
* Mitsubishi Heavy Industries Ltd.
* Mitsui Engineering & Shipbuilding Co., Ltd.
* Naval Surface Warfare Center
* Nippon Kaiji Kyokai
* Samsung Heavy Industries Co., Ltd.
Sumitomo Heavy Industries, Ltd.
Technical University of Denmark
United States Coast Guard (on behalf of Ship Structure Committee)
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JOINT M.I.T. - INDUSTRY PROJECT ON TANKER
SAFETY
LIST OF PUBLICA TIONS
Report No. 1:
Report No. 2:
Report No. 3.
Report No. 4:
Report No. 5.:
Report No. 6:
Report No. 7."
Damage Estimates in High Energy Grounding of Ships,
Tomasz Wierzbicki, Effat Rady, David Peer and Jong Gye Shin,
June 1990.
The Anatomy of Tanker Grounding, Tomasz Wierzbicki, David
Peer, and Effat Rady, May 1991.
Grounding Resistance of Unidirectionally Stiffened Double
Hulls, Timothy Lee McKenney, May 1991.
Coupling Global Motion and Local Deformation in Tanker
Grounding, David B. Peer, May 1991.
Performance Criteria vs. Design Standards for Commercial
Tank Vessels, Paul Thomas and Tomasz Wierzbicki, October
1991.
Closed-Form Solution for Wedge Cutting Force Through Thin
Metal Sheets, Tomasz Wierzbicki and Paul Thomas, March 1992.
Grounding Damage To Double Hull Tank Vessels, Paul F.
Thomas and Tomasz Wierzbicki, April 1992.
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Report No. 8:
Report No. 9:
Report No. 10:
Report No. 11I.
Report No. 12:
Report No. 13:
Report No. 14:
Report No. 15:
Report No. 16:
Application of Plate Cutting Mechanics to Damage Prediction
in Ship Grounding, Paul F. Thomas, May 1992.
Plastic Shear Buckling of Ship Hull Plating Induced by
Grounding, Stephen Rodgers Price, May 1992.
Crushing Characteristics of Web Girders in Unidirectionally
Stiffened Double Hull Structures, Jennifer Culbertson Driscoll,
May 1992.
Necking in Plane Strain Under Bending with Constant
Tension, Frank A. McClintock, Qing Zhou and Tomasz
Wierzbicki, February 1993.
Concertina Tearing of Metal Plates, Tomasz Wierzbicki, March
1993.
Peeling Type Fracture of Ship Hull Plate Due to Grounding,
X. Wang, May 1993.
Required Strength and Tear Resistance for Fillet Welds in
Ships Exposed To Grounding or Collision Loads, Heather A.
McDonald, May 1993.
Effect of Rock Geometry on the Failure Mode of Plates and the
Forces in Grounding Experiments, Leonard M. Maxwell, May
1993.
Tearing Failure of an Infinite Plate Initiating from a Local
Cut, Katherine A. Trauth and Tomasz Wierzbicki, June 1993.
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Report No. 17."
Report No. 18:
Report No. 19:
Report No. 20:
Report No. 21:
Report No. 22:
Report No. 23:
Report No. 24:
Report No. 25:
A Single Curl Failure of Metal Plates in Ship Grounding,
Anthony G. Atkins and J.H. Liu, June 1993.
Experimental Studies on Scale Models for Grounding,
Mohamed Yahiaoui, Mark Bracco, Patrick Little and Katherine A.
Trauth, January 1994.
A Theoretical Analysis of a Steady-State Wedge Cutting
through Metal Plates, Zi-Ming Zheng and Tomasz Wierzbicki,
January 1994.
Crushing Resistance of Web Girders in Unidirectionally
Stiffened Double Hulls, Oystein Gokseyr, January 1994.
Development of Analytical Models of Wedge Indentation into
Unidirectionally Stiffened and Orthogonally Stiffened Double
Hulls, Ragnar Thunes, January 1994.
Concertina Tearing of Metal Plates Improved Solution and
Comparison, Tomasz Wierzbicki, January 1994.
Crushing Strength of a Web Girder, Sung K. Choi, Tomasz
Wierzbicki and Jennifer Culbertson-Driscoll, January 1994.
Crush Resistance of "T", "Y" and "X" Sections, Wlodek
Abramowicz, January 1994.
A Beam Model for Blanking and Tearing of Ductile Metal
Plate, Qing Zhou and Tomasz Wierzbicki, January 1994.
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Report No. 26:
Report No. 27:
Report No. 28:
Report No. 29:
Report No. 30:
Report No. 31:
Report No. 32:
Report No. 33:
Fully Plastic Mechanics for Welded T-Joints, Frank A.
McClintock, January 1994.
Cutting of Thick Plates by a Wedge - an Experimental Study,
Ole Astrup, January 1994.
Upper Bounds to the Tensile Limit Loads of Cracked Welded
T-Joints, Arlene Guerra and Frank A. McClintock, January 1994.
Tearing Resistance for Fillet Welds in Ships Exposed to
Grounding - A Full-scale Test and Cost Implications, Kirk
Kirkov, June 1994.
Grounding Resistance of Longitudinally Stiffened Single and
Double Hulls, Mark Bracco, June 1994.
Failure of Transverse Frames and Bulkheads in Grounding,
Patrick Little, June 1994.
Modeling of Ship - Obstacle Interaction and Hull Structure
Definition for Damage Calculations, Francisco Fernandez-
GonzAlez, June 1994.
Stress Profiles in Thin-Walled Prismatic Columns Subjected to
Crush Loading, Part I Compression, Part II, Bending, Tomasz
Wierzbicki, Leonhard Recke, Wlodek Abramowicz, Touray
Gholami and Joan Huang, June 1994.
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Report No. 34:
Report No. 35:
Report No. 36:
Report No. 37."
Report No. 38:
Validation of Concertina Tearing Solution, Katherine A. Trauth,
June 1994.
Ship Grounding on Soft Bottoms, Preben Terndrup Pedersen,
June 1994.
Structural Collapse of Oil Tanker Hull Due to Stranding - A
Finite Element Approach, Ifligo Javier Puente, June 1994.
Research Activities within the Joint MIT-Industry Project on
Tanker Safety, Tomasz Wierzbicki, Mohamed Yahiaoui and
Monique Sinmao, January 1995.
Crushing Resistance of a Web-Girder with Application to Ship
Structures, Sung K. Choi, Tomasz Wierzbicki, Oystein Goksoyr
and Jennifer Culbertson-Driscoll, January 1995.
Correlation of NSWC
Minorsky/Vaughan Method,
Wierzbicki, January 1995.
Grounding
Sung K. Choi
Tests with
and Tomasz
Split Wedge Deformation
Daniel Pippenger, Jocelyn
January 1995.
The Cost of Oil Spills after
January 1995.
Experiments on Stiffened Plates,
Turgeon and Mohamed Yahiaoui,
Tanker Incidents, Isabelle Monnier,
Report No. 42: A Knowledge-Based Expert System for Analyzing Welded
Structures, Regina A. Middaugh, February 1995.
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Report No. 39:
Report No. 40:
Report No. 41:
Report No. 43:
Report No. 44:
Analysis of NSWC Grounding Tests and Comparison with
MIT Theory, Tomasz Wierzbicki, Sung K. Choi and Ifligo Puente,
March 1995.
User's Manual for SOFTGROUND, PC Computer for
Analyzing Ship Groundings on Sandy Ocean Beds, Bo Cerup
Simonsen, March 1995.
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